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P K E F A C E. 



Th|is present volume contains an account of my most recent 
inquiries into the chemistry of the stars, and of some question* 
which have grown out of these inquiries. It has Laken its 
present form because several friends, upon whose judgment I 
can rely, suggested that I should preface the account of the 
work, and the conclusions I have derived from it, by a statement, 
aw clear and simple as I could make it, of the principles of 
Spectrum Analysis and of the earlier steps in the various investi- 
gations the convergence of which has led to the present stand- 
point. 

In 
chiefly 
concev 
and 
survey 
the 
far as 
'>}' 

tends 
volume 
socii 
ev 
the 
and 

disposal 
stars. 
Mv 



my "Chemistry of the Sun," published in 1SS7, 1 dealt 
with the then state of the problem, so far as the Sun was 
j ed. Tn two later volumes, "The ileteoritic Hypothesis" 
"Sun's J 'lace in .Nature," 1 included the stars in the 
The short story which I give in the earlier portion of 
book consists of a vfattutf'. of the three volumes, so 
the question of dissociation is concerned : this is followed 
recently accumulated by other inquirer;*, all of which 
strengthen my original thesis. In the latter pail of the 
1 endeavour to show how, in the studies concerning dis- 
we have really been collecting facts concerning the 
the chemical elements; and I point out especially that 
steps in this evolution may possibly be best studied hv, 
clearly represented in, the long chain of facts now at our 
touching the spectral changes observed in the hottest 
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INORGANIC EVOLUTION AS STUDIED BY 
SPECTRUM ANALYSIS. 



BOOK I.— THE BASIS OF THE IXQUTRi' 



Chap. I. — Ptuntiples and Methods. 



rei 



defi 



The thirty rears' work to which I have to refer in this 
to do with various points raised by the investigation of 
mid absorption of light ; the science of spectrum analysis 

Spectrum analysis, indeed, is now becoming so far-i 
dally in inquiries having to do with the conditions of 
celestial bodies, that there are many who are anxious to 
thing of its teachings. To some of these, however, the 
men of science, a very necessary shorthand, are unfamiliai 
hard to understand, because the opportunity of seeing the 
are intended to define, and which they generally do 
admirable fashion, has never presented itself. I propose, 
attempt to show that there is nothing recondite about these 
it is possible without any expensive apparatus for every 
take a little trouble, to observe the phenomena for himself 
the meanings of the terms employed will present no difficult v 

One key to the hieroglyphics, the light story, which 
every ray of light, is supplied to us by the rainbow. It 
the white light with which nature bountifully supplies us 
rays is composed of rays of different kinds or of different 
it is common knowledge that there is an almost pet 
between these coloured lights and sounds of different pitc 

The blue of the rainbow may be likened to the higher 
key -hoard of a piano, and the red of the rainbow, on the 
maybe likened to the longer sound waves which produt e 
notes ; and as we are able in the language of music to 
particular note, such as B flat and G sharp, and so on, so 
are defined bv their colours or wave-lengths. 



)ook has had 
the radiation 
is involved, 
■ching, espe- 
the various 
know some- 
terras used by 
, and appear 
things thev 
ne in most 
therefore, to 
terms ; that 
one who will 
after which 
whatever, 
hidden in 
te4ches us that 
in the sun's 
colours ; and 



■feet analogy 



es. 

notes of the 
other hand, 
the lower 
define each 
light- waves 
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2 

Wliat nature 
or ;i grating. A 
vial through which 
process. A grating 
metal, equidistant, 
passes through, or 
and one result thfi 
passing light throu. 

It is rapidly 
ivhite light is re 
colour similar to a 
because ivhite light 
having its own s 
Our rainbow band i 

Such a glass 
ment called the 
which we can 
grating plays in 
parts from the red 
string of orange, ye 
the rainbow. 



accomplishes by a rain-drop wc can do with a prism 
•ism is a piece of glass or other transparent mate- 
i.he light is bent out of its course or refracted in the 
is a. collection of wires, or scratches on glass or 
very near together, and all parallel. When light 
reflected by sneh a system, it is said to be diffracted, 
tt we are concerned in is very similar to that of 
h a prism. 

becoming a familiar fact to many that when a ray of 
fraqted by a prism or diffracted by a grating a band of 
rainbow is produced, and that this effect follows 
is built up of light of every colour, each colour 
special length of wave and degree of refrangibility. 

called a spectrum, 
pnsjm or grating is the fundamental part of the instru- 
spc:troscope, and the most complicated spectroscope 
imagine simply utilises the part which the prism or 
bre iking up a beam of white light into its constituent 
to the violet. Between these colours we get that 
low, green, and blue w hich we are familiar with in 



Fur sixpence aii} 
will serve many of 
vcllonsly fertile fiehl 
up to us. From an 
a piece of wood fr 
vision), 1 inch 



Fig, 

2 inches high, at tli 
of a wax candle 



1NORGANJC EVOLUTION. 



[CHAP. 



A Simple JSf>ertro.v:oi>e, 

i' of us may make for our selves an instrument which 
the purposes of demonstrating some of the mar- 
of knowledge which have been recently opened 
optician we can buy a small prism for sixpence ; get 
i 20 to 10 inches long (the distance of distinct 
hroakl, and ^ an inch thick. On one end glue a cork 



Pris'M 




.-- AiTtiugejiieut of caiiclle, prism and eye. 

other end fasten, by melting the bottom, a stump 
of such a height that the dark cone above the 
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I.] PRINCIPLES AND METHODS. 

wick is level with the top of the cork. Then glue the prism on the 
cork, so that by looking sideways through the prism the coloured 
image or spectrum of the flame of the candle placed at the other cud 
of the piece of wood can he seen. 

We get a hand of colour, a spectrum of the candle flame built up 
of an infinite number of images of the flame produced by the li^ht 
rays of every eolonr. But, so far, the spectrum is impure, because tin 
images overlap. We can get rid of this defect by replacing the candle 
by a needle. 

If we now allow the needle to reflect the light of the candle flame 
taking care that the direct light from the candle floes not fall upon fjhe 
face of the prism, we then get a much purer band of colour, because 
now we have an innumerable multitude of images of the thin ueedl 
instead of the broad flame close together. The needle is the equi- 
valent of the slit of the more complicated spectroscopes used in 
laboratories. 




V 



FlG. 2. — Use o£ the simple spectroscope. 



We can vary this experiment by gumming two pieces of tin oi 
with two perfectly straight edges on a piece of glass so that the straight 
edges are parallel and very near together. In this way we have a 
slit; this should be fixed close to the candle and between it and tpe 
prism. 

Now the light of the candle is white, and the preceding experiment 
tells us that such light gives us a band containing all the colotir 

T! 2 



©2010 Forgotten Books 



www. forgottenb ooks.org 



inoi;<;anic 



without any breaks or gaps. \V 
xperirttm. 



EVOLUTION. [CHAP, 
have what is called a rontimmis 



The C'/ti final us Sped ruin. 



Tf we bum a piece of paper, or a 
a white light identical to that given 
not liquefy when made white-hot. and 
the same condition, and some dense 

This effect is produced because 
to produce an image of the need 
together continuously from one end 

Let us then consider this fact 
liquid bodies and den.se gases, when 
give a continuous spectrum. Under 
the eye, without the spsctroscope, w 
white-hot poker. 



match, or ordinary coal-gas, we get 
us by Lhe candle ; solids which do 
liquids which do not volatilise under 
gases when heated, do the same, 
here is light of every wave-length 
e (or the slit) ; these images blend 
of the spectrum to the other, 
established, namely, that solid or 
heated to a vivid incandescence, 
these circumstances the light to 
ill be white, like that of a candle or 



The L'-mifh of ih i' i'uuiiittiwtx S/. 

If we put a poker in a fire, it bee 
wire by passing a feeble current, of 
hot like the poker. 

In both cases examination by 
red end only of the spectrum is visi 
gradually heated more strongly, the 
successively appear. Finally, whe 
attained, the whole of the colours oi 

Hence we learn that if the degree 
light will only be red. But, so far 
expand towards the violet as the 
stated — it will be continuous. 

The red condition comes from 
condition comes from the trradual 



increases. 

One of the laws formulated by 
scopic inquiry has to do with the k 
at different temperatures. The la 
matter is the further its spectrum e 

Gaslight is redder than the ligh 
the latter is hotter. The carbons 
bluish-white light because they are 

Bv similar reasoning; from cx 



■fruni varies with Terni>eivftiif. 



cmes red-hot ; if we heat a platinum 
electricity along it, it becomes red- 

neans of the prism shows that the 
>le. But if the poker or wire be 
yellow, green, and blue rays will 
i a brilliant white heat has been 
the spectrum will be present, 
of incandescence be not high, the 
as the spectrum goes — and it will 
incandescence increases, as before 



the til>.<eitce of blue Iu;ht : the white 



uldition of blue as the temperature 



virehhotf in the infancy of spectro- 
Jnd of radiation given out by bodies 
affirms that the hotter a mass of 
steiids into the ultra-violet. 
[ of an incandescent lamp because 
in a so-called arc-lamp give out a 
otter still. 

riment we are bound to consider 



pe 
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the bluish -iv 
stars to iridic 

M r e shall 
intense 
pendentl} r of 
the contrary 

An in 
graphs, shon 
which the 



cont unions 



qury 



lie arranged 
Judged 
served are ■ 
and A Tauri. 
the above 
aPegasi, and 
In this w 
both on the 



lite stars, the white stars, the yellow, red and blood-red 
ate a deereasing order of temperature.* 
not go far wrong in supposing that the star with the most 
radiation in the ultra-violet is the hottest, inde- 
aljsorbing conditions, which, in the absence of evidence to 
we must assume to follow the same law in all. 
- into the facts placed at our disposal by stellar photo- 
is that there is a considerable variation in the distance to 
iation extends in the ultra-violet, and that the stars can 
n order of temperature on this basis. 

this criterion alone, some of the hottest stars so far ob- 
Orionis, £Orionis, a Virginis, y Pegasi, t) L'rsfe Majoris, 
Of stars of lower, but not much lower, temperature than 
:nay be named Kigel, £ Tauri, a. Andromeda?, /JPersei, 
y3 Tanri. 

\y spectrum analysis helps ns with regard to lum^ratim^ 
earth and in the heavens. 



ra:li 



ire 



k; 
found 



a«e 



Let us 
platinum w: 
descence, li 
We have 
colour and ej 7 
any defect i 
that an im 
the spectrnn. 

There ar 
light is ana 
new set of pi 

Let us 
the needle 
salt is 
yellow. It 
should not i 



gradually 



* On this r. 
the indi fat ions 
uol considered 
series of hydro 
high temperat 
complete series 
the high ternpe^at 
spectrum sliow 
bright continui 



l'HIXCIPLES AND METHODS. 



DisGOitiitiiivtix Spectra with liriyht Line*. 

nfcxt pass from a solid which retains its incandescence like 
without melting, or a liquid which retains its incan- 
molten iron, without volatilising and see what happens, 
that when the light entering the slit consists of every 
ery tone, we have a continuous band of colour. If there is 
the light we must have a diwmtinuom one, for the reason 
of the slit cannot be produced in any particular part of 
if there be no light of that particular colour to produce it. 
■3 many artificial flames which are coloured, and if their 
I31 sed in the same way as the light of the candle, a perfectly 

enomena present themselves, 
again make use of onr improvised spectroscope, and allow 
tq> be illuminated by the flame of a spirit lamp into which 
allowed to fall ; we see at once why the flame is 
contains no red, green, blue, or violet rays, so that we 
■e present the spectrum by 

joint 1 wrote as follows in : " An erroneous idea with regard to 
of the temperature of the stars has been held by those who have 
;he matter specially. It has been imagined that the presence of the 
;eu lines in the ultra-violet was of itself sufficient evidence of a very 
ire. The experiments of Cornu, hoivcver, have shown that the 
of lines can be seen villi an ordinary spark without jar. Hence 
ure of such a sstiir as Sirius is nut indicated by the fact that its 
the whole series of hydrogen lines, but by the fact that them in 
j radiation far in the ultra-violet. 
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INUItGAXiC EYOTXTIOX. 



w o m © y ® m 



as iii the case of the ca 



Liidle, but simply by 



We see one image 
We have passed 
monochromatic light ■ 
wave-lengths to lig 
of slit images giving a 
of the slit produced 
image depending upon 
big from the spectrum 
spirit lamp is shown in 

■ft ■£* * 

c s "2 

i- ^ cq 



u 



of the needle coloured in yellow. 
:rom the spectrum of polychromatic tu that of 
from white light to coloured light— from light of 
'it of one wave-length ; from an infinite nuniher 
continuous hand of every colour, to one image 
hy light of one rcfrangibility, the colour of the 
the refrangihility. What we shall see in pass- 
of the candle to that of sodium vapour in the 
the accompanying woodcut. 



A £ i,: 
53 i-i © 



Fi&. 3.— A 



That we are truly 
can he proved hy usihg 
slightly altering our nee 
piece of tin-foil 1^ inches 
diso slightly Larger than 
the glass. In the cejiti 
threepenny-piece. Th 
tin-foil constitutes a <tir 
amine the flame of the 
the prism as before. 

It will readily he g|r 
case of coloured flumes 
being only red. or yello 
up an image of the sli' 



[chai*. 



TP 



j || 1 a|jffiijp|li Cmiflle-flalue spertruiu. 



^Straight slit. 



Kinj; slit. 



Spirit 
■lamp ftame 
with salt. 



trout unions and a discontinuous spectrum. 



dealing with an image of the needle (or a slit) 
a slit of any shape. This can he shown hy 
die experiment. Take a piece of glass and a 
square, cut out of the centre of the tin-foil a 
a threepemry- piece, and gum the remainder on 
e, where the disc has been cut away, gum a 
s interval between the threepenny-piece and the 
cular slit. Let it replace the needle, and ox- 
spirit lamp charged with salt through it with 

asped, from what has been stated, that in the 
the light passing through the spectroscope 
w, or green, as the case may be, will go to build 
in the appropriate part of the spectrum, and 
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I.] 



PKIXC'Il'LES AND METIHJDS 



that the image thus built np ivill take the 
according to the slit we use. 

Many chemical substances, salts of variou;; 
ous by inserting them into flames, as we ha n 
(chloride of sodium). With each metal the 
flame is different. The resulting spectrum 
spectrum, because it is only here and there th 
produced ; because some coloured rays, and 



iorni of a line or circle, 



net 



metals, become lumhi- 
e treated common salt 
colour imparted to the 
is called a <lixamtinvoiia 
it images of the slit are 
all, are present. 




Yig. 4. — The spectrum of a complicated light-: 

and s line slit. 



The usual laboratory arrangement for observing the spectra of 
flames, is shown in the woodcut (Fig. 5). 

Further, the system of images of the needlje f 
substance, and it is on this ground that the 
used, because we can in this way recognise t|l 
the flame. 



souice as seen with n circular 



(or slit) varies for each 
:erm i-fiect 'rum atutlysh is 
he various substances in 




Fig. 5.— Observation of a flame spectrum with 
parison prism, a, prism ; b, collimator; d, s. 



f, observing telescope ; y, scalo illmnraatect by 
surface of the prism into tie telescope. 



ordinary spectroscope with, rom- 
;lit ; e e, flames to be compared ; 
h and reflected by tlie second 
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IXOROAXIC EYOU 



Rut we are not limited to flame t 
of gas or vapour may lie made to glow by 
temperatures very complicated spectra a 
spectrum is special to each chemical sul 
images of the needle (or slit), occupying 
spectrum according to the nature of the 

Fig. 5 gives lis a laboratory prism 
sion ; with the more complicated ypecti 
better seen if more than one prism is 
instrument in which four prisms are used. 



TIOX. 



[chap. 



emperatures ; substances in a state 
electricity. At these higher 
re produced, and again the 
(stance experimented on ; the 
different positions along the 
source of light, 
spectroscope of small disper- 
■a the phenomena are often 
employed. Fig. 6 shows an 




!Fl&. G.— Steinheil spectroscope 



It is in the case of the more complicated 
length has to he specially considered 
ing the position of a line. It i^ not enou 
case of the sodium line, that it is located 

The lengths of the various Iight-wav 
length of the sound-wave of the middle 
while the wave-length of yellow light as c 
accurately measured is '0005895 of a 
millionths of a millimetre ; so that there 
inch. The unit of wave-length usually 
of a millimetre. These wave-lengths gel 
red to the violet. 

For accurate measures of the wave 
is employed as shown in Fig. 7. 



i'ei; 



in 



with four prisms. 



spectra that the wavc- 
the point of view of defin- 
gh to say, as was said in the 
the orange. 

are very small. The wave- 
C of a piano is about 4 feet, 
efined by that of a line very 
Ibmetre, that is 5t>95 ten- 
ire 43,088 waves in a British 
employed is the ten-millionth 
shorter as we pa*s from the 

engths of the lines a grating 



©2010 Forgotten Books 



www. forgottenb ooks.org 



So much then in general for the radiations given out by light 
sonrcss, and the manner in which the spectroscope shows them and the 
student records their positions. 

Spectrum analysis was established when experiment proved that no 
two substances which give a line spectrum give the same order of lines 
from one end of the spectrum to the other: in other words, the line 
spect-um oi each chemical substance differs from that given by any 



other 
E 

of w 



ere then is one of the secrets of the new powm- of investigation 
bich the spectroscope has put us in possession : we can recognise 



each 
the 



lab 



d]3tf nt 



It 



PRINCIPLES AND METHODS 




Fl(i. 7. — A 11 ^train's grating spectrometer. 

element by its spectrum, whether that spectrum is produced in 
moratory or is given by light travelling earthwards from the most 
;■ star, provided the dement exists both here mui there. 
is in this way that spectrum analysis helps us with regard to 



i i, 




Fig. 8.— Parts of the spectra of (A) barium and (B) iron (from n 
photograph) . 
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chemistry; the spectrum varies according to the chemical siibstar.ee 
which produces it in a manner that will be gathered from an inspec- 
tion of the photograph (Fig. 8) which shows the difference lietween tjhc 
spectrum of barium (A\ and that of iron (B). 

Flittincfs, 

The earliest spectroscope observations revealed the fact that in some 
spectra the lines, instead of being irregularly distributed along the 
spectrum, were arranged in an easily seen rhythmic fashion. Such 
allocations of lines are called flutings, as a succession of them gives 
rise to an appearance strongly recalling the flutings of a Corinthilan 
column seen under a strong side light. 




Fig. 9, — Flntiii" of carbon. 



UK 



Our improvised spectroscope helps us here too ; use the candle n 
straight slit in front of it as before, but shorten the slit, and 
allow the blue light from the base of the candle flame to pass throu 
it to the prism. We see two or three sets of flutings. These are 
flutings of carbon; they are amongst the most beautiful exampl 
known and are thoroughly typical. 



oi ilv 

e 
es 



th 




Senex. 

One of the most important discoveries made in recent years, teacl.e; 
us that in the case of many chemical elements, the apparently irregn ar 
distribution of the lines is really dominated by a most beautiful law, 
and that the most exquisite orderly rhythm can be obtained by sorting 
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lat 



out the lines into whr 
related to e;ich other 

Messrs. Kirnge and 
lithium, sodium, and 
various " series." Lato 
case of the eleveito gas'is 

Violet. 



Paschcn* showed, in 1890, that the spectra of 
potassium were the summation of the spectra of 
thev have shown that the same is true in the 



lied 



Hi. 



i 



■ 

I 



UOHTM CWSTftiBiT-CASX 




pec tr 



A " aeries " of s 
the intensity of which 
number or wave-fr 
formula 



where n represents the 
A, E, and C are 
the wave-lengths the g 
length ; hence the wav 

The fact that lines 
of the spectrum is ret 
is best brought under 
In the visible part of 
far apart to be recognise 

The accompanying 
irregular lines observ 
arranged into the most 
Wild up the spectra ai 

Some of these sei 
instead of single lines 



determined 
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are termed " series," that is lines numerically 





r-.-l. . 







[. — The series iu the cleyeite gases 



:-al lines may be defined as a sequence of lines, 
decreases with the wave-length, and the wave- 
uv of which may be determined by the 



equev 



A + B.V + C/rt*. 

integers from three upwards, and the constants 
for each element separately. The shorter 
■eater number of waves there will be in a given 
j-frequency varies inversely as the wave-length, 
must close up to one another, as the violet end 
:, indicates that the character of a "series" 
notice in the ultra-violet end of the spectrum. 
ic spectrum the lines forming " series " are too 
:d as belonging to a series, 
diagram (Fig. 11) shows how the apparently 
in the spectra of the cleveite gases can be 
exquisite order when the six series of lines which 
shown separately. 

are composed of triplets and some of doublets 



td 



e 

■ies 



A bit. k. Alail. Wins., Berlin, lS'JO. 
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hit eg 



at it 



1 wrote tli ns on this subject in li>79 : — 
" I am at present engaged in investigating th 
and I have already found that many of the firs 
may probably arise from the superposition or 
of rhythmical triplets. All this goes to show h 
simplifications is that we bring about in the cast: 
mentary bodies by the application of a temper 
yet define. 

" Indeed, the more one studies spectra in 
under varying conditions of temperature which 
the reversal now of this set of lines, now of tr 
becomes the possible origin. Some spectra are 
again are full of triplets, the wider member beiu 
more, sometimes on the less, refrangible side."* 

Mascartf had noted this recurrence of simil 
ten years earlier. 



[chap. 



5 question of rhythm, 
order lines of iron 
gration of a number 
3\v long the series of 
of the so-called ele- 
e that we cannot as 



detail, and especially 
suable ns to observe 
at, the more complex 
of doublets ; others 
sometimes on the 



ar features in spectra 



una jes 



Discontinuous Spectra wiih Dark L 

It is time now to make still another ex 
and prism. 

If we study sunlight (taking care again to 
allowing a sunbeam to illuminate the needle, w 
kind differing from those we have seen before 
tinuous band of colour is broken, it is full of <lar 
of the coloured rays are lacking; and hence 
not forthcoming in places. The positions of 
lines lettered by Fraunhofer are shown in Fig. 12 

We now know that this result is produced b 
nb&wjition of liyltl. To understand it we have oji|1 
through glasses of different colours : a blue glass; 
red light, and only the blue end of the sp 
glass absorbs or stops the blue, and only the red 

In these cases large regions of the spect 
blotted out as differently coloured glasses are use 
with which we have to do mostly is of a more 
lines, that is, single images of the slit, are in 

One of the most important results that has 1 



ine* 



question 



* J?roc. Itoif. tioc, vol. xiviii, March, 1S79. 

t In lSffi), he wrote as follows: "11 seinble difficile 
parcil phenomena soit nn effet clu hasard ; n'est-il pas pit 
(;es groupes do rtiies semblablos font des hjimioniqa*;^ qui 
uioleetilaire fin gaz lmuiiicux? H fautlia sacs clout p uu 
tioii^ analogues pour dcnoavrir la loi qui regit cos haruioin 



peri nent with our needle 

shield the prism), by 
get a spectrum of a 
inasmuch as the con- 
lines ; that is, some 
of the needle are 
soitne of the chief dark 



what is termed the 
y to look at a candle 
absorbs or stops the 
um remains ; a red 
end remains. 
:'iim are alternately 
I, but the absorption 
restricted character : 



t en gathered from the 



que la reproduction d'un 
.s iifitul'i'l d'ndniettre que 
icimt'nt k la constitution 
grand uoinhrc d'obswva- 
ques." 
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study of these absorpti 
competent to give us 
vapours or gases we h 
provided the light sow 
ticular rays constitutin 
each of the vapours as 
tiunous spectrum. 



av 



30 effects is that if we look at a light source 
a continuous spectrum through any of the 
•e so far considered as producing bright lines, 
ce is hotter than the gases or vapours, the par- 
the bright line or discontinuous spectrum of 
?ases will he cut out from the light of the con- 



stop 



"While in the givin 
vibration taking place 
radiation ; absorption \. 
the molecules when the; 
can only vibrate each 
vibrations from light w 
that the light thus 

Ait illustration from 
make this clour. If 
ami sing a note and 
the piano. If we sine 
from the piano. How 
we have thrown the air 
in the piano was com 
and, vibrating after we 

This principle may 
mainier by means of tw 
and tuned in exact nni 
by means of a fiddledx 
open mouths of the t\v 
to make the effect as 
fork originally sounded 
that the other fork has 
loudly as the original : 
are not in perfect un 
the slightest effect in pi 
we have a long room, ; 
and an observer at the 
all tuned like the sol 
ol >server would scarce! 
open strings of the soli 
pulsus set up by the 
others, would set all the 
set in motion by the vi 
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petent 



E-fplurmiinn of Absorption, 

f out of light we are dealing with molecular 
so energetically as to give rise to luminous 
henomena afford us evidence of this motion of 
r vibrations are far less violent. The molecules 
in its own period, and they will even take up 
hich is passing among them, provided always 
ng among them contains the proper vibrations, 
what happens in the case of sound will help to 
e go into a quiet room where there is a piano, 
suddenly, we find that note echoed hack from 
another note, we find that it is also re-echoed 
is this 1 When we have sung a particular note, 
into a particular state of vibration. One wire 
to vibrate in harmony with it. It did so, 
had finished, kept on the note, 
lie illustrated in another and very striking 
j large tuning-forks mounted on sounding-boxes 
■ion. One of the forks is set in active vibration 
w, and then brought near to the other one, the 
o sounding-boxes being presented to each other 
great as possible. After a few moments, if the 
is damped to stop its sound, it will be found 
taken up the vibration and is sounding, not so 
ork was, but still distinctly. If the two forks 
, no amount of bowing of the one will have 
oducing sound from the other. Again, suppose 
i fiddle at one end of it, and that between it 
<|)therend of the room there is a screen of fiddles, 
one, we can imagine that in that case the 
y hear the note produced upon any one of the 
ary fiddle. Why t The reason is that the air- 
men string of this fiddle, in tone with all the 
other similar strings in vibration ; the air pulses 



uioii 



likI 



itarv 



jration of the fiddle cannot set all those strings 
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vibrating and still pass on to one's ear at the other end of the room as 
if nothing had happened to them. 

Now apply this to light. Suppose we have at one end of a room a 
vjvid light source giving us all possible waves of light from red to 
olet. This we may represent as before Try 

W ] © ©i Y © c§ 

Also suppose that we have in the middle of the room a .screen of 
molecules, say a sodium flame, capable of emitting yellow light, 

1 

'What will happen 1 Will the light come to our eyes exactly as if 
ti e molecules were not there 1 No ; it will not. What then will be 
tie difference 1 The molecules which vibrate at such a rate that they 
give out yellow light, keep for their own purpose — filch, so to speak, 
from the light passing through them —the particular vibrations which 
they want to cany on their own motions, and we shall have 

wa©@ © eg 

as a result ; the light comes to us minus the vibrations which have thus 
been utilised, as we may put it, by the screen of vapour. We have, in 
fact, an apparently dark space which may be represented thus : 



In the spectroscope we see what would otherwise be a continuous 
[iectrum, with a dark band across the yellow absolutely identical in 
position with the bright band observed when the molecules of the 
apour of which the screen is composed radiated light in the first in- 
stance. It is not, however, a case of absolute blackness, or absence of 
tli at parti cular ra}', for the molecules are set in vibration by the rays 
hich they absorb, and therefore give out some light," but it is so feeble 
as to appear black by contrast with the very much brighter rays coming 
direct from the original source. 

This great law may be summed up as follows : (hisex and vapvmv, 
eii relotireb) cool, abxorh those ivy* -irhirh ihaj thamehxx nnit when. 
inanuksrr'iU ■ the absorption is continuous or discontinuous (or selective) 
a; the radiation is continuous or discontinuous (or selective). 

I have referred to this matter at some length because in our light 
scurces, in the sun, and in most of the stars we have light from a more 
ghly heated centre passing through an envelope of cooler vapours, 
uid on this account absorption phenomena are produced. 
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It was Franuhofer, at the beginning of the centiir 
so rapidly passing away, who was the discoverer of fh 
spectrum of the sun was discontinuous with dark Hues 







I; I 



\ — 



When we wish to go further afield than the sun, that is, to the stars 



15 

y which is now 
e fact that the 



10 



a 

'So 



a 



1? £ 



o 
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we must first 
spectroscope. 

Fig. 1.3 s 
the great Lick 
of work are 
far beyond the 
construction 



h:>v 



en 



ai.d 
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use a telescope to collect the light, and then employ a 



vs a spectroscope thus attached at the eye-piece end of 
refractor. In astronomical inquiries the same methods 
ployed, and although it will be seen that ive are now 
improvised spectroscope with which we began, both in 
use, no new principle is involved. 




Fig. 113. — A stellar spectroscope attached to the Lick equatorial. 

Xow if my reader has not hesitated to invest his or her sixpence 
in a prism, and has had the patience (no other quality is needed) to do 
what I have si^gested, the way is open to read without difficulty most 
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books involving spectrum analysis which lie or she is likely to comi; 
across ; terms such as 



Spectrum 

Continuous spectrum 

Grating 

Prism 

Spectroscope 
Slit 

Line spectra 



Fluted speetni 

Di scout Limoiis (or select iye) spectrum 

Frtuuiliofer lines 

"Wave -length, wave-freepjency 

Badiatkm 

Absorption 

Series, 



should now have acquired a definite meaning, and I trust the expressive 
ness of the terms will be acknowledged while they arc accented as part 
ot the future mental stock-in-trade. 
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at ion 

ia$ 



tie 



<!a 



em 



YVjiex T began to ende 
analysis to the investigf 
1865, the then idea, t 
18">9, was that the sped 
divisible — that it could n 
else. 

Looking back it is est 
upon the fact that in 
generally employed, and 
visible in the flame and 
upon, such as sodium, 
spectra at low stages of 

Hence the first spect 
the chemist, that the ch 
weight was a mai 
cal elementary substances 
indivisible units ; or of 
them, hence the terms " 
The difference betw 
and gaseous states, in w 
spectrum, was ascribed i 
and its freedom in the g 
The difference between 
continuous spectra was 
chemistry. According 
bodies are in a state of 
the solid, liquid, and 
molecule never gets be\ 
The path it describes is 
Clifford, in a lecture up 
clearly. He supposed : 
bands to the ceiling an< 
of the room. Xow pull 
always about a mean 
place ; it will always a 
"\Vc next come to li 
on the other hand, thci 



uufactu'ed 



con 
h: ch 



vour to apply the principles of spectrum 
of the nature of the heavenly bodies in 
d upon Kirchhoff and Bnnsen's work of 
rum of a chemical clement was one and in- 
t be changed by temperature or by anything 



to see now that this idea largely depended 
early days low- flame temperatures were 
that it so happens that the substances best 
which were therefore chosen to experiment 
icium, potassium and the like, give us line 
leat. 

roscopic ideas entirely agreed with those of 
ical " atom," defined by a certain " atomic " 
article, indivisible, indestructible. Chemi- 
were either composed of these atoms, these 
"molecules" consisting of two or more of 
diatomic " and " polyatomic " molecule. 

the spectra of the same element in the solid 
we have first a continuous and secondly aline 
o the restricted motion of the atom in the solid 
aseous state— it was a question of " free path." 
;he states which gave us the continuous and dis- 
physical difference having nothing to do with 
the kinetic theory of gases, the particles of all 
continual agitation, and the diflerence between 
.s states of matter is that in a solid body the 
ond a certain distance from its initial position, 
ften within a very small region of space. Prof, 
mi atoms, many years ago illustrated this very 
body in the middle of a room held by elastic 
the floor, and in the same manner to each side 
the body from its place; it will vibrate, but 
position ; it will not travel bodily out of its 
back again. 

puds. Concerning these we read: "In fluids, 
e is no such restriction to the excursions of a 



tj 



gaseou 
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molecule. It is true that the molecule generally can travel but a 
small distance hefore its path is disturbed by an encounter with 
other molecule ; but after this encounter, there is nothing w 
determines the molecule rather to return towards the place 1 
whence it came than to push its way into new regions. Ilene 
liquids the path of a molecule is not confined within a limited regio 
in the case of solids, but may penetrate to any part of the space 
piert by the liquid. 

Now we have the motion of the molecule in the solid and the lirj 
How about the movement in a gas 1 "A gaseous body is supposed 
consist of a large number of molecules moving very rapidly." For 
stance, the molecules of air travel about 20 miles in a minute. " I) 
the greater part of their course these molecules are not acted upoi 
any sensible force, and therefore move in straight lines with 
velocity. When two molecules come within a certain distance of 
other, a mutual action takes place between them which may be 
pared to the collision of two billiard balls. Each molecule has 
course changed, and starts in a new path." 

The collision between two molecules is defined as an "eneonnte 
the course of a molecule between encounters a "free path." ' 
ordinary gases the free motion of a molecule takes up much more t 
than is occupied by an encounter. As the density of the gas incre; 
the free path diminishes." 

It will be seen at once that on the view first held that the 
ence between continuous and discontinuous spectra depended sin 
upon the solid and gaseous states, no solid could give us a line ? 
tnim : and the well-known absorption spectra of didymium glass 
other solid bodies would be impossible. 

Another important series of facts was soon brought to the fr 
Pliicker and Ilittorf in the year announced that "there i 

certain number of elementary substances which when ditiere 
treated furnish two kinds of spectra of quite a different character, 
having any line or band in common." The difference in charactct 
which reference is here made consists in the spectrum produced at 
lower temperature being composed of iiutmgs, which are replaced 
lines when the higher temperature is readier!. 

This was the first blow aimed at the general view — one ele 
one spectrum — to which I have referred above. It was met in 
ways. 

Taking the line spectrum as representing the true vibration of 
chemical unit, I have already shown that the continuous spectrum 
explained as due to its physical environment, the solid or liquid st;: 
This, then, had not to be considered from the chemical point of viev 
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first 



The fluted spectra were 1 
always wisely, for, to get rid 
spectra of hydrogen, two p 
acetylene. Again the " bell- 
which the spectrum did not < 
upon the way it was made tn 
same chemical atom might 
dozen different ways. 

But it was answered that 
this reason. Mitseherlich sh 
to be chemical compounds w 
spectrum special to the comp< 
their own ; no lines of either 

I showed later that when 
decomposition, the lines of tl 
pound was composed made th 
ture employed. And T also 
happens with regard to the fii 
clement. We may get the 
increase the temperature and c 
appearance ; and next, by emp I 
abolish the fluted spectrum 

Since then the difference 
lueiit was no more marked th 
a known compound and its 
broken up by heat, it was as 1c 
bodies as to deny that more mo 
volved in spectral phenomena 

Attacks like these finally 
position, and some time later, 
turned out to have no justificj; 
mercury have not fluted spect 
might represent the vibratioi: 
" diatomic " elements. This, 
hypothesis." 

At the time when the din 
istence of fluted as well as tin 
were being discussed, sohu 
us a perfeet flood of facts app; 
1866 1 threw an image of the 
in order to observe the spect 
the spectra of sun-spots (Fig, 
were observed. 



i:ed 



obser 



sun 
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■ oldly ascribed to "impurities," but not 
of the difficulty presented by the two 
rfeetly distinct spectra were ascribed to 
ypothesis " was suggested, according to 
lepeud so much upon the substance as 
vibrate. According to this view the 
rave a dozen spectra if struck in a 

this argument proved too much ; and for 
owed in 1864- that some bodies known 
hen raised to incandescence, give us a 
nnd ; that is, they have a spectrum of 

the constituents are seen, 
le temperature was sufficient to produce 
; elementary bodies of which the eom- 
appeanmces according to the tempera- 
showed that precisely the same thing 
and line spectra of the same chemical 
alone at a low temperature; we may 
im it slightly, some lines making their 
oying a very high temperature, we can 

lcr and obtain one with lines only, 
ween the two spectra of the same ele- 
the difference between the spectrum of 
after the compound had been 
gical to deny the existence of compound 
leeular complexities than one were in- 



altogetl: 
Ixt 



an 



constituents 



<panse<] the chemists to reconsider their 
being under the impression, which has 
at ion, that "monatomie" elements like 
they conceded that the fluted spectra 
of the "diatomic" molecule in the 
jf course, was to give up the "bell- 



ra 



erences of opinion arising from the ex- 
spectra in the case of many elements 
vations were beginning to bring before 
irently devoid of any law or order. In 
on the slit of a spectroscope (Fig. 14), 
a of its different parts, and in this way 
. 19) and eventually of prominences 
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Fig, 14. — Spectroscope attached to a largo refractor which. throws an image of 
the sun on the slit plate. 



Iii the first method of work adopted in the laboratory the spectro- 
scope was directed to the light source, so that the spectrum was hnil ; 
up of the light coming from all parts of it without distinction. 




"ig. 15. — The first method of work with the slit of the spectroscope close to the light 
source. In the experiment illustrated, the light source is an electric spark prod iced 
by an induction coil with Lcyden jar in circuit. The slit end of the spectroscope 
is shown to the right. 
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tbod 



Li ISGO T introduced into laboratory work the me 
the case of the stm in the observatory ; that is, an imag^ 
source experimented on was thrown on to the slit by a 
so that the spectrum of each part of it could lie observed 
the results obtained by the new method were the folio wi ig 




[chat. 



adopted in 
of each light 
lens (Fig. 10), 
, and some of 



Fig. 18. — The method of throwing an image of the light source (in this rase :i 
candle flame) on the slit plate of a laboratory spectroscope 



salts 



The spectral lines obtained by using such a light 
-electric are or spark were of different lengths; some a 
the spectrum of the eentre of the light source, others 
into the outer envelopes. This effect was best studied b\ 
image of a horizontal arc or spark on a vertical slit, 
the lines photographed in the electric are of many nieti 
were tabulated and published in 1873 and 1871. 

In Figs. 17 and 18 these so-called (L long and sMrt 
illustrated. Li one case we deal with a mixture of the 
and strontium, in the other with the metal sodium. The 
lines in the spectrum of the core of the arc will be best 
Fig. 17, the variations in the lengths of the lines from F 

Here then was the first glimpse of the idea that 
spectrum of a chemical element obtained at the highest 
might arise from the summation of two or more ditf'eren 
produced at different degrees of temperature, and therefor 
in presence of two or more molecular complexities ; th 
molecules broken up at different temperatures. So 



source as the 
ppeared only in 
extended far 
throwing the 
he lengths of 
Hie elements, 



lines " are 
of calcium 
■ichness of the 
athereel from 
Sg. 18. 

the complete 
temperature 
line spectra, 
*e bringing us 
tt is, different 
i as experi- 



sooi 
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incuts in the laboratory had given a definite result with regard to the 
.■spectrum of a metal in this way, 1 proceeded to study the sun with 
a view of determining how that metal behaved in the sun. 

This involved, first, photographs of the solar spectrum with its dark 
lines photographic comparisons of these dark lines with the bright 




lines constituting the spectra of the metallic elements. This enabled 
us t<i compare the total light given by each light source with the light 
received from all parts of the sun indiscriminately. 
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Fief. 18. — Tiie lonas Mid short; of sodium taken under thc?amc conditions, showing 
that tlxe orange line extends furthest from the poles. 




.Next the spectra of different paits of the sun — chromosphere and 
prominences and snots — were compare tl with different parts of the 
light source, the core of the arc, and the centre of the spark and the 
outer regions of liotli. 

It will be seen that the inquiry now had a very broad base, and it 
could be immediately tested in many ways at ever}' stage. 

Wonderful anomalies were at once detected; lines known to belong 
to the same chemical element behaved differently in several ways. 
Some were limited to prominences, others to spots (Fig, 20), and in 
solar storms different iron lines indicated different velocities (Fig. 21). 
In the spectrum of the hottest part of the sun open to our inquiries, 
the region namelj" immediately overlying the photosphere, which I 
named the chromosphere, the anomalies became legion ; suffice to say 
that in the hottest part of the sun we could get at, the spectrum of 
iron then represented in Kirehhoffs map of the ordinary solar spec- 
trum by 460 lines was reduced to three lines. 

It was no longer a question merely of settling the difficulties raised 
by the observations of PHicker and Hittorf. 

Many observations and cross references of this kind during the 
next few years convinced me that the view that each chemical element 
had only one line spectrum was erroneous, and that the results ob- 
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supposed at each 

This was the first 
tion of changes in tf 

By the year 18 
.spectra enabled the 



tor 
ritin 



point 



the sun. In some oi 
and carbon were b 
was that in white stf 
extending far into 
of a yellow or red eo 

It was in 1873 tr 
to the very rcmarkal 
gether regarding 
Keferring more espec 
I wrote as follows :- 

" I have asked in 
together in a workin 



the various terrestrial and solar phenomena were 

1 of simplifications brought about by each higher 
d. That is, that the new instrument, the speetro- 
higher temperatures than those previously em- 

■ chemistry what previous similar inquiries had 
g the existence of finer constituents in matter 
of time to be elementary- 
glimpse of dissociation in relation to the produc- 
er line spectrum. 

2 the work of Paitherfurd and Seechi on stellar 
base of the inquiry to include the stars as well as 

the stars the existence of hydrogen, magnesium, 
.'oncl question. The point that first struck me 
rs like « Lyra? and Sirius, with continuous spectra 
violet — stars therefore hotter than their fellows 
our — we had to do with hydrogen almost alone, 
it I first called the attention of the Koyal Society 
le facts which had even then been brought to- 
i possible action of heat in the sun and stars, 
ially to the classification of stars bv Rutherfurd, 



the 



flG. 19. — Spectrum 
showing that 
are widened. Tl 



layers of the sun an 
arc at work, which 
atoms which, at the 
pcratures yet attaii 
compounds." 

Subsequently in 



I'lONEElILN'G DIFFICULTIES. 



self whether all the above facts cannot be grouped 
g hypothesis which assumes that in the reversing 




if 



a sun-spot a* compared with the general spectrum, 
eerjtain metallic lines (sodium and calcium in this iiistiinoe) 
c darker portion represents the spectrum of tlu* >put. 



d stars various degrees of 'celestial dissociation 1 ' 
lissociation prevents the coming together of the 
temperature of the earth and at all artificial tem- 
ed here, compose the metals, the metalloids and 



a private letter to M. Dumas, who took the 
* lfttil Trans., vol. clxiv, Part U. y. Ml. 
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CHAP. 



keenest interest in my solar work, T wrote, " II senihlc (fue phis une 
etoile est chaude plus son spectre est simple." 

1 also pointeil out the close relation of hydrogen to calcium, mug 
nesinm and other metals (it whs on this ground that I had named the 




snljstanee which gave I>' ! , which always varied with hydrogen, helium), 
and the ahsence of all other terrestrial gases from the solar spectrum. 
An interesting discussion at the Paris Academy of Sciences was thus 
concluded hy M. Dumas : 
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resume, quandje sontensdrt devant ('Academic que les elements 
devaient etre considered, ainsi qu'il avait etabli hii-meine, 
les elements itbwltit; de l'nmvers, inais eonune les elements 
I J experience hnmaine; quaud je professing, il y a longtemps, 
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21. — Different rates of motion registered by different iron lines. 

wjfaw c'tait phis pres des metaux que de tome autre classe de 
'^mettais des opinions que les deeouvertes actnelles vieunent 
et que je n'ai point a moditier aujonrd'hni."* 

the replies to my working hypothesis was that the various 
elements probably existed in different proportions in the 
stars, and that it so happened that in Vega and Sirius one of 
Irogen, existed practically alone. 

78 I went further, and showed that thousands of solar pheno- 
had been carefully recorded during the previous years 
be explained by assuming that the changes in the various 
3 of lines in the line spectrum itself indicated successive dis- 
J pictured the effect of furnaces of different temperature*, 
as follows :t 



rl ich 



■ote 

mist) 



y °f H te S >la i P- 205. 
Hoi/. Soc, vol. ixviii, p. 109. See also Chemistry of the Suit, chap. 
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" It is abundantly 
properly speaking, their 
—are really compounds 
very high temperature 
superior limit to tempe 
which such combinations 
the power of combining 
do not exist as such, or 
like or unlike, at all low 
combination of more 
of dissociation, therefok' 
no end." 

In 1878 I went bac 
in relation to the chan 
sociated, and after dis 
elusion that the k 
spectra " are easily T g 
phenomena established 
analogous to those obs 
It is thus seen that 
up to the year 1880 
as that indicated by ra 
Berthelot in that year : 

"L'etude approfoni 
masses elenientaires 
chaque jour d'avantag 
homogenes et susce 
d'ensemble, . 
plus contraires a V 
doues (Tune architect 
Ires varies."t 



clear that if the so-called elements, or, more 
finest atoms — those that give us line spectra 
, the compounds must have been formed at a 
It U easy to imagine that there may be no 
■aLnre, and therefore no superior limit bevond 
are possible, because the atoms which have 
together at these transcendental stages of heat 
rather they exist combined with other atoms, 
rer temperatures. Hence association will be a 
ex molecules as temperature is reduced, and 
■e, with increased temperature, there may be 



tno fi- 



ery 



ha:l 



ture 
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i to the study of the changes in the line spectra 
s observed when known compounds were dis- 
sing certain objections, I submitted the con- 
n facts with regard to the changes in line 
rouped together, and a perfect continuity of 
on the hypothesis of successive dissociations 
-ed in the cases of undoubted compounds."* 
the conclusions to which my spectroscopic work 
led me, tended in exactly the same direction 
e purely chemical inquiries thus referred to by 



Ki- 



ie des jjroprirtes physiques et chimiques des 
:ui constituent nos corps simples actnels, tend 
3 a les assimtler, non a des atomes indivisibles r 
es d'eprouver settlement* des mouvements 
1 est difficile d'imaginer im mot et une notion 
obiervation ; mais h des edifices fort complexes,, 
spec-ifique et animes des mouvements intestine 



ptiblt 



* Pi -or. Roy. Soc, vol. sxviii, p. 179. 
t Ccmpffs renihw, 1SS0, vol. 5c, p. 1512. 



©2010 Forgotten Books 



www. forgottenb ooks.org 



Chap. IH.— The Present Position'. 



refer 



ar 



-space 



in 

om 



gases 



In the last chapter I 
hy the earlier researchers 
propose to pass over the 
its attendant doubts and 
brought us, a perfect h 
phenomena. 

It has been proved 
fluted (or channelled 
of most of the elements, 
which I shall have to dea 
-accompanying, if not 1 
temperatures. 

It is important to 
"behave very differently 
upon them as we pass fr 
that is, the two different 
■ently ; the permanent 
exist in the solid, form is 
atomic weights and low 
second. 

In the cases In which 
increase in the free path 
made to vibrate. 

In the case of high- 
of free path is scarcely i 
to those produced by hig 
of heat in the ordinary 
Conversing on this 
ago, we came to the con 
might cause (1) an 
vibration. To get 
heat, spin-heat, and wohbi 
energy had no effect iuj 
had been obtained, and, 
had no effect in prorlucii 
trical energy generally t 
effective in the case of 



red to some of the difficulties encountered 
in spectrum analysis. In the present one 1 
listory of nearly twenty years' work, with all 
difficulties, and deal with what that work has 
:moiiy between laboratory, solar and stellar 



cl 



extension 
concrete 



ley oncl all question that not only are both 
) spectra and line spectra visible in the case 
but that many of the metallic elements with 
in the sequel have at least two sets of Hues 
ulting from, the action of widely differing 



nkention that the different chemical elements 
regard to the action of heat and electricity 
the solid to the liquid and vaporous forms; 
onus of energy are apt to behave very differ- 
s as opposed to the elements which generally 
the first differentiation ; the elements of low 
Iting point as opposed to the rest, is the 



nel 



heat-energy can go so far, we first get an 
of the molecules, and ultimately the latter are 



ten 



sion electricity, on the other hand, increase 
rolved, and hence we may have effects similar 
li temperature, with scarcely perceptible effects 



nv 



sense. 



ac 



nbject with my friend Clifford, many years 
usion that the energy imparted to a molecule 
of free path : (?) a rotation ; and (3) a 
images of these effects we spoke of jwth- 
-hmt. The facts seemed to show that heat 
wincing line-spectra until the two first results 
further, that in all gases and many metals it 
g vibrations; while, on the other hand, elec- 
ted as if it began at the third stage and is 



every chemical substance without exception. 
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However this may he, we now know that many elements present 
changes at several widely differing stages of heat. The line spectra of 
elements like sodium, lithium, and others may be obtained "by the heat 
of i:he flame of a .spirit lamp, or an ordinary Bunsen's burner, the sub- 
stance being introduced into the flame by a clean platinum wire twisted 
into a loop at the end. 

This temperature has no effect upon iron and similar metals. To 
get any special spectral indication from them a higher temperature 
than that of the Bunsen is required ; the blowpipe flame may be resorted 
to ; in this a stream of ah' is blown through the centre of a ffame of 
coal gas burning at the end of a cylindrical tube. 

We get in this way what is called a " flame-spectrum," in which 
fiutings and some lines are seen. Li order to obtain the complete line- 
spe;tra of some of the less volatile metals, like iron and copper, we 
are driven to use electrical energy mid employ the voltaic current, and 
(for choice) metallic poles, which are so strongly heated by the passage 
of ;he current that the vapour of the metal thus experimented on is 
produced and rendered incandescent. 

We may say generally that no amount of heat -energy wiil render 
visible the spectra of gases. These aie obtained by enclosing the gases 
lass tubes, and illuminating them by means of an electric current, 
may go further and say that the ordinary voltaic current u.sed in 
laboratories is equally inoperative. We must have the induced 
current, and with different tensions different spectra are produced. 

We have then arrived so far. Heat-energy, which does give us 
line-spectra in some cases when metals are concerned, fails ns in the case 
of the permanent gases and many metals. A voltaic current gives us 
spectra when metals are in question, but, like heat-energy, it will not 
set the particles of the permanent gases vibrating. 

But when both metals and the permanent gases are subjected to the 
actian of a strong induced current, that is, a current of high tension, 
when an induction coil with Leyden jars and an air break are employed, 
we get this vibration ; gases now become luminous, a distinct change in 
the spectra of the metals is observed, a change as well marked, or 
perhaps better marked, than any of the previous lower temperature 
changes to which I have already drawn attention. 

When the tension is still further increased, the differences in the 
spe(traare most marked in the case of gases, for the reason that, being 
enclosed in tubes, they cannot escape from the action of the current ; 
all the molecules are equally affected. The aped nun is xomctiiw.i XOT n 
tiiixrA dm'. In the case of the metals the spark is made to pass between 
two small pointed poles, and the region of most intense action is a very 
limited one ; we get from the particles outside this region the spectrum 
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obtained with a lower degree of electrical energy. 
■iitired mif. Even when we take the precaution of thv 
of the spark on the slir. of this spectroscope, the 
pierced by the line of sight add their lines to the 
centre. 

Xot only so, but the individuality of the various 
comes out in a remarkable manner. 

To take one or two instances. I will begin with 
weak and strong induced current. Hydrogen given us 
a structure spectrum, a spectrum full of lines ; this ch; 
Oxygen gives us series which change into a complicated 
which no series has been traced. Nitrogen gives us a 
which changes into a complicated line-spectrum. 

I next pass to the metals, and again, for brevity's 
with three substances only. In the case of mugne 
calcium, the changes observed on passing from 
arc to that of the spark have been minutely observ 
lines are added, or old ones are intensified at the big 
Such lines have been termed mhinvei! linr*. 

These enhanced lines are not seen alone ; as in the i 
so in the are outside the region of high temperature ii 
produced, the cooling vapours give us the lines visible 
peratnre. 

Bearing in mind what happens in the case of the g; 
ceive the enhanced lines to be seen alone at the highest 
a space sufficiently shielded from the action of all 
hot such a shielding is beyond our laboratory ex 
shall show, in the atmospheres of the stars we have pro I 
approximation open to our observation of that e<ju 
condition to which I have referred. 

The enhanced lines are very few in number as com 
seen at the temperature of the arc. In the case of 
reduced to tens. 

The above statements arc only general ; if we 
metals, more stages of temperature are required, and 
evident that different kinds of spectra are produced ; 
peratnre in the case of different elements ; in other 
different heat-levels changes occur, always in one direc 
widely for different substances at the lower teinpci 
highest temperatures- at the limit -there is much g 
in the phenomena observed if we disregard the 
considered from the scries point of view, there is no 

It is obvious that with all these temperature effect 



■' xp/rtnin} is it 
ing an image 
outbr cooler layers 
pet t rum of the 

cliemical elements 

the gases with a 
what is termed 
ihges to a series, 
line spectrum in 
fluted spectrum, 

sake, I will deal 
inm, iron, and 
the temperature of the 
In each new 
her temperature. 



lowei 
pecliont 



dK 



quest i.m 



ase of the spark, 
which they are 
at a lower tem- 



ises, we can con- 
temperatuve in 
temperature^, 
s ; still, as 1 
ibly the closest 
' heated space 



iron 



lared with those 
thousands are 



hide the nun- 
it then becomes 
the same tenr 
words, at many 
, but differing 
ituies. At the 
eater constancy 
i>i series. If 
stancy at all. 
observed in a 
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tion 



const 
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of elements, very many comparisons are rendered possible, 
gest that if dissociation is really in question, in some 
more than two -implifications in the line stage are 
xplain the facts. It is possible that the effects at first 
julantity may be due to the presence of a series of molecules 
jmplexities, and that this is the true reason why " the more 
soeiate, the more time is required to run through the 
better the first stages are seen/'* 

general statement of the changes in spectra observed to 
nge in the quantity and kind of energy used in the 
propose to refer briefly to the most recent work on this 
ng the changes observed on passing from the arc to the 
ise of many of the metallic elements. By the kindness 
pottiswoode, the photographs of the enhanced lines have 
by the use of the large induction coil, giving a 40-iueh 
y belonging to I>r. Spottiswoode, P.R.S. I am anxious 
re my deep obligation to Mr. Hugh Spottiswoode for 
ich a magnificent addition to my instrumental stock-in- 
obtained by means oi the Spottiswoode coil is so luminous 
=persiocs than those formerly employed can be effectively 
consequence of this, the detection of the enhanced lines 
easv ; their number therefore has been considerable" 



araice 
itltitim 



her temperature enhanced lines have been found Lo mase 
in the spectra of nearly all the metals already ex- 
is. one exception, 
then all changes at the lowest temperatures, but 
flame spectrum, four distinct temperature stages are 
be varying spectra of the metals ; for simplicity I limit 
as an example. These are : — 

spectrum, consisting of a few lines and flurings only, 
well-marked lines, some of them arranged in triplets, 
spectrum, consisting, according to Rowland, of 2,000 



ame 
cral 



part 



k spectrum, differing from the arc spectrum in the 
of some of the short lines and the reduced relative 
others. 

t mm consisting of a relatively very small number of lines 
intensified in the spark. This, as stated above, we can 
visible alone at the highest temperature in a space 
ded from the action of all lower ones, since the enhanced 

* Prtc. Boti. Soc, 1-.79. >"o. 200. 
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like those of a metal when a compound of a metal is 
the action of heat, 

of each element, at whatever temperature it is produced, 
c compared in relation to position in the spectrum with 
in celestial bodies with a view of determining whether 
exists in them. 

at which the earlier inquiries of this kind wore made 
possible for the most part to deal with eye observations of 
todies. The results were, therefore, limited to the visible 



into 



Ktnso'is 



sun 



This has been 
and it has bee 
and stars. 

How marv 
have been, I 
anticipation t 
spectrum of 
part of the 
which it exist;, 
been regarded 

This last 
should carry 
the change of 
enhanced lines 
have alongsidle 
which of 
reunite. For 
which to store 
now provided 

A 1 though 
generally, T 
spectrum aetu 
thing was dim 
are now, face 



eon 'so 



last few years photographs of the spectra of the brighter 
sun's chromosphere during eclipses have been obtained : 
importance, therefore, to extend the observations of terrcs- 
the photographic regions for the purpose of making 
s which were necessary for continuing the impiiry. 
work has been done with this object in view, 
which the enhanced lines have been used is as follows, 
ng to some of the chief metallic elements have been 
, and thus form what 1 have termed a " test-spectrum." 
treated as if it were the spectrum of an unknown element, 
i] compared with the various spectra presented by the sun 



ellous, how even magnificent, the results of this inmiin 
hall show later in detail ; but I may here say by way of 
lat the test-spectrum turns out to be practically the 
the chromosphere, that is, the spectrum of the hottest 
that we can get at ; and that a star has been found in 
almost alone, nearly all the lines of which had previously 
as "unknown," 

esult is of the highest order of importance, because it 
conviction home to many who were not satisticd with 
spectrum as seen in a laboratory, where always the 
seen in the spectrum of the centre of the spark 
them the- lines in the spectrum of the outer envelope, 
is cooling, and in which the finer molecules should 
twenty years 1 have longed for an incandescent bottle in 
what the centre of the spark produces. The stars have 
it, as I shall show. 

1 have promised to pass over the history of the work 
st still point out that the enhanced Hues in the test- 
illy include all those first studied years ago when every - 
utd we were seeing through a glass darkly; not as we- 
io face. To show the rigid connection of the new with 
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the old, it is desirable to refer briefly to some of the work undertaken 
in relation to some of the first anomalies noted. 

One advantage of this method of treatment is that it shows that 
the immense mass of facts now available supports all the conclusions 
drawn from the meagre evidence available a quarter of a century age. 

Some of the anomalies were as follows : they are given as specimens 
of many. 

1. Inversion of intensity of lines seen under different circum- 
stances. 

I showed in 1879 that there was no connection w hatever between 
the spectra of calcium, barium, iron and manganese and the chromo- 
sphere spectrum beyond certain coincidences of wave-length. Tins 
long lines seen in laboratory experiments are suppressed, and the 
feeble lines exalted in the spectrum of the chromosphere. In the 
Fraunhofer spectrum, the relative intensities of the lines are quite 
different from those of coincident lines in the chromosphere. 

2. The simplification of the spectrum of a substance at the tem- 
perature of the chromosphere. To take an example, in the visi jle 
region of the spectrum, iron is represented by nearly a thousand 
Fraunhofer lints ; in the chromosphere it has only two representatives. 

3. In sun spots we deal with one set of iron lines, in the chrorio- 
sphere with another. 

4. At the maximum sun-spot period the lines widened in spot 
spectra are nearly all unknown ; at the minimum they are chiefly Cine 
to iron and other familiar substances. 

5. The up-rush or down-rush of the so-called iron vapour in the 
sun is not registered equally by all the iron lines, as it should be on 
the n on -dissociation hypothesis. Thus, as I first observed in lJS^O, 
while motion is sometimes shown by the change of refrangibility of 
some lines attributed to iron, other adjacent iron lines indicate a stitc 
■of absolute rest. 

Laboratory work without stint has been brought to bear, with a 
view of attempting to explain the anomalies to which attention 
been directed. 

I only refer here to the work done on iron, magnesium andcalciv m 
to show that in those metals the anomalies were to a large extent du£ 
the lines now termed enhanced — that is. the lines seem to considera . 
change their intensities when the highest temperatures are employer 



Iron . 

In the course of my early observations of the spectrum of the 
chromosphere, I discovered on June 6, 1809, a bright line at 1474 



is 



to 
Iv 



on 
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KirehhofTs scale, which I stated to be coincident witl: 
On June 26 I discovered another at 2QQ3'4 of the same 

The later researches on the spectrum of iron have 
iron line which I observed in ] t s69 to be coincident 
chromospheric line at 1474 on KirehhofTs scale, having i 
531(j'79, is an enhanced line, agreeing absolutely with 
determination of the wave-length of the 1474 ehromos 

Similarly the line at 2003'4 of Kirehhoff's scale, w 
of 49:34, is also an enhanced line of iron. 

The first experiments were made to explain my 
Italian observations of the chromosphere which proved 
only these two lines of iron in the part of the spectr 
observed; the ordinary spectrum of iron, in which 460 
mapped at that time, was entirely invisible. 

The anomalies were investigated in the experi 
sparks produced by quantity and intensity coils, with 
in the circuit. The outcome of these experiments was 
chromospheric representatives of iron were precisely 
were brightened on passing from the arc to the spark, 
widened in spots corresponded to a lover temperature. 

The next anomaly observed was that in a sun spot 
.4924 often indicated no movement of the iron vapour, 
iron lines showed that it was moving with considerable 

It seemed perfectly clear then that in the sun 
dealing with iron itself, but with primitive forms of 
in iron which are capable of withstanding the high tern 
sun, after the iron observed as such has been broken up 
by Brodie."* 

On this view, the high temperature iron lines of the 
represent the vibrations of one set of molecules, while 
arc widened in spots correspond to other mo 
Similarly, the idea of different molecular groupings 
factory explanation of the varying rates of movement 
indicated by adjacent lines, the lines being produeed b;? 
different molecules at different levels and at different 
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to 
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Magnesium. 

In 1879 I passed a spark through a flame charged w 



different substances, [n the case of magnesium the effect 
temperature of the spark was very marked : some of 
being .abolished, while two new ones made their 

* JJVcr. Rot;, Sue, vol. sSsii, p.'Ul. 
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them at 4481. The important fact was 
flame did not appear among the Franti 
of the spark did appear. 

This line at 4481 now takes its place 
those of iron previously mentioned ; spc< 
more general one. 

Here again the experiments pointed 
tion at different temperatures as the 
some of the magnesium lines in the 

From these experiments, the result 
mapped in relation to the various heat-! 
mens, I drew the following conclusions 

" 1 think it is not too much to hope 
maps, showing the results already oht 
varying temperatures, controlled hy 
under which changes are brought abou; 
that various tlmoaatioit.* of the molecnl 
brought about hy different stages of heat 
enable us to determine the mode of cv' 
vibrating in the atmospheres of the 
of which the solid metal is composed, 
with the greater confidence, because I 
various converging lines of work."* 



Fraunhof 



lev 



an 



C«.hii.im. 

In 1876 I produced evidence that the 
molecular grouping of calcium which gi 
cipal line at 422(r9 is nearly broken up 
up in the spark, explained the facts whic 
line loses its importance in the spectrum 
are by far the strongest lines. 

I summed up the facts regarding ca 
the blue line differentiated from H and ' 
spectrum while they are thick, and by 
they arc thin. We have it again diffei 
sence in solar storms in whieh they 
finally, by its absence during eclipses, v 
been the brightest seen or photographed 

I afterwards attempted to carry the 
ing the spectra of sun spots. In all 
reversed over the spots, just as Youn. 



are 



Proc. Roy. Soc, 1S79, 
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that the lines special to the 
lines, while some of those 



hofer 



imong the enhanced lines like 
ial cases now form pait of the 

0 varying degrees of dissocia- 
ciuse of the non-appearance of 

er spectrum, 
of which were subsequently 
;els indicated by solar pheno- 
1879 

that a careful study of such 
ned, or to be obtained, at 
observations of the conditions 
will, if we accept the idea 
es present in the solid are 
, and then reverse the process, 
olution by which the molecules 
hottest stars axxoriute into those 

1 put this suggestion forward 
s|ee that help can lie got from 



working hypothesis that the 
es a spectrum having its pritv 
in the sun, and quite broken 
h are that the low temperature 
of the sun, in which H and K 

l|cimn as follows We have 
£ by its thinness in the solar 
its thickness in the arc while 
entiated from them by its al>- 
almost universally seen, and, 
hile the II and K lines have 



matter further by photograph- 
cases II and K lines were seen 
saw them at Sherman, while 
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the blue calcium Hue was not reversed. The 
graphs which has been preserved bears the date 

The experimental results in the ease of calci 
suit with those obtained from iron and magnesh 
the cause of the inversion of intensities in the 
under different circumstances is due to the vary in 
tiou brought about by different temperatures. 

Both in the case of iron, magnesium and calcii 
ture lines involved are not seen at all at lower tc 
in the case of calcium, when photographic ex 
tion have been employed. It should be sufficie 
body from this that temperature alone is in ques 



oldest of these photo- 
April 1, 1881. 
ciuip, therefore, followed 
, and indicated that 
lines of a substance 
* degrees of dissocia- 

in, the high tempcra- 
nperatures, and even 
3 of 100 hours' dura- 
obvious to every- 



posure 
ntly 
tiou. 



Finally, then. The similar changes in the s 
incuts, changes observed in laboratory, sun and s 
.sutlicieiitly explained on the hypothesis of dissoc 
this, so far no other explanation is forthcoming w 
harmonises the results obtained alont; the differen 
is this all : as 1 shall show later on, there 
physical inquiry which suggest the same hypotlie 
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BOOK II.— APPLICATION OF THE INQUIRY TO THE SUN 

AND STARS. 



Chap. IV. — The Sun's Chromosphere. 
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and 



I stated in the previous chapter (p. 33), that in order to utilize 
information placed at our disposal by the discovery of the new 
seen in the spectra of metals exposed to high temperatures, I 
brought the enhanced lines of the chief metallic elements together, 
thus formed a " test-spectrum " to use as a new engine of research in 
regions of work where help might be expected from it. 

In this chapter I shall deal with the application of this test-spect 
to a study of the sun. 

It is obvious that the general spectrum of the sun, like that of sstars 
generally, is built up of all the absorptions which can make them 
felt in every layer of its atmosphere from bottom to top, that is 
the photosphere to the outermost part of the corona. It is important 
to note that this spectrum is rlitinrjtifM from year to year. 

Now sun spots are disturbances produced in the photosphere; 
the chromosphere, with its disturbances, called prominences, lie directly 
above it. Here, then, we are dealing with the lowest part of the sun's 
atmosphere. We find first of all that in opposition to the changdess 
general spectrum, great changes occur with the sun-spot period, 
in the spots and chromosphere. 

The spot spectrum is indicated, as was found in 1866, by the widen 
ing of certain lines ; the chromospheric spectrum, as was found in 1 
by the appearance at the sun's limb of certain bright lines. In 
cases the lines affected seen at any one time are almost always 
tively few in number. 

Since 1868 we have been enabled to observe not only the spectrum 
of the sun's spots, but that of the chromosphere as well, every 
when the sun shines. The chromosphere is full of marvels. At 
when our knowledge of spectra was very much more restricted 
now, almost all the lines observed were unknown. In 1868 I St,w a 
line in the yellow, which I found behaved very much like hydrogen, 
though I could prove that it was not due to hydrogen ; for laboratory 
use the substance which gave rise to it I named helium. Next 
as I stated in the last chapter, I saw a line in the green at 14 
Kirchhoff's scale. That was an unknown line, but in some subsequent 
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CILI.r. IV.] THE SUN'S CHROMOSPHERE. 39 

researches I traced it to iron. From that day to this we have observed 
a large number of linos. 

But useful as the method of observing the chromosphere without 
an ?elipse, which enables us 

, „ . to feel from world to world," 

as Tennyson has put it, has proved, we want an eclipse to see it face to 
face . 

During the eclipses of 1893, 1696, and 1S9S, a tremendous flood of 
HgH has been thrown upon it by the use of large instruments con- 
structed on a plan devised by ltespighi and myself in 1871. These 
giv; us images of the chromosphere painted by each one of its radia- 
tions, so that the exact locus of each chemical layer is revealed. One 
of the instruments employed during the Indian eclipse has also been used 
in photographing me tall its spectra and tin; spectra of stars, so that it is 
nov easy to plaee photographs of the spectra of the chromosphere ob- 
tained during a total eclipse, and of the various metals and stars side 
by side. 

As in the case of the photographs taken with the prismatic cameras 
in 1893 and 1396, the spectrum of the chromosphere in 1898 is very 
different from the Fraunhofer spectrum, so that we have not to deal 
with a mere reversal of the dark lines of ordinary simliglit into bright 
oius. 

Many very strong ehromosphcrie lines, the helium lines for example, 
are not represented among the Fraunhofer lines, while many Fraunhofer 
limjs are absent from the ehromosphcric spectrum (Fig. 23). 

But the most remarkable result is that in the eclipse photograph of 
the chromosphere spectrum, the most important of the metallic lines 
are precisely those included in the " test-spectrum " (Fig. 22). This 
photograph in fact deals chiefly with the enhanced metallic lines. 

1 recognise in this result a veritable Rosetta stone, which will 
enable us to read the terrestrial and celestial hieroglyphics presented 
to us in spectra, and help us to study them and get at results much 
mere distinctly and certainly than ever before. The result proves 
conclusively that the absorption in the sun's atmosphere which pro- 
duces the Fraunhofer lines is not produced by the hottest lowest 
stratum, the chromosphere. 

It is imperative in order to clear the ground for the future study 
of stellar spectra, to inquire fully into the true hats of absorption. 
Oi c of the most important conclusions we draw from the Indian 
eclipse is that, for some misou or other, the lowest hottest part of the 
sun's atmosphere does not write its record among the lines which build 
up the general spectrum so effectively as does another. 
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This conclusion differs considerably from the opinion 
In my paper on the eclipse of 1893,* I referred at 1 
point. The matter is so important that 1 do not h 
what 1 then said, 

"As a result of solar spectroscopic observations, 
laboratory work, Dr. Frankland and myself came to tht 
in 1869, that at least in one particular, KirchhofTs 
solar constitution required modi he at ion. In that year 
follows : — t 

■' ' May not these facts indicate that the absorption 
reversal of the spectrum and the Fraunhoi'er lines ar 
place in the photosphere itself, or extremely near to it, i 
an extensive outer absorbing atmosphere 1 ' 

"In an early observation of a prominence on April 1 
found hundreds of the Frauuhofer lines bright sit 
remarked that 'a more convincing proof of the theory 
constitution put forward by I>r, Frankland and myself c 
have been furnished.' £ 

" During the eclipse of 1870, at the moment of dis 
the sun, a similar reversal of lines was noticed ; we 
Professor Yomig, 1 a sudden reversal into brightness 
the countless dark lines of the spectrum at the comm. 
totality.' On these observations was based the view that 
region some 2" high above the photosphere, which rc\ 
the lines visible in the solar spectrum; and on this grou 
' reversing layer' was given to it. 

" Continued observations, however, led me, in 1873, 
the view that the absorption phenomena of the solar s 
produced by any such thin stratum, and convinced me tha; 
tion took place at various levels above the photosphere, 
give the evidence here ■ it is set forth in my ChemiMr;/ 
On the latter hypothesis the different vapours exist 
di tic rent distances above the photosphere according to th 
resisting the dissociating effects of heat. 

"ily observations during the eclipse of 1882, in the st 
preceding totality, to my mind set the matter at rest. ' 
one short and brilliant line constantly seen in pr 
seen in spots. Next another line appears, also constau 
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* Phil. Trans., lb'JG, vol. clssxiii, A, p. 603. 

f Proc. Roy. Soc, toI. xvii, p. Ss. 

J Ibid., vol. xviii, p. 353. 

§ Chapter XXII, pp. 303 -309. 

|| Proc. Hoy. Soc, toI. sssir, p. 1'J2. 
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ccs; and now, for the first time, a longer and thinner line 
□ccasionally noted as widened in spots; while, last of all, 
cry long, very delicate relatively, two lines constantly seen 
in spots, and another line, not seen in the spark, and never 
■ led as widened in spots.'* 

is one of the most mportant points in solar physics, hut 
not yet a concensus of opinion upon it. Professor Young 
rs, apparently, still hold to the view first announced by Dr. 
and myself in the infancy of the observations, that the 
absorption takes place in a thin stratum, lying close to the 
ere." 

t proceeded to discuss the numerous photographs obtained 
eclipse, and I gave a map shoving that there was only the 
relation between the intensities of the lines common to the 
ier and the eclipse spectrum, and further, that only a few of 
hofer lines are represented at all. Not only this, but in the 
lotographs there are many bright lines not represented at all 

Fraunhofer lines, 
chromosphere, which represents that part of the sun's atmo- 
deriving the true reversing layer, is admirably pourtrayed in 
graphs of the eelipsc of So complete is the record 

quite sufficient for our present purpose, and is the more to be 
since it represents it at the same instant of time; I have 
s pointed out that Young's list of chromospherie lines may be 
g because it is a summation of results obtained at different 
d of different conditions; prominences even may be, and 
are, involved. The lengths and intensities of the lines arc 
recorded in the photographs. 

animation of the eclipse photographs shows that the tempera- 
the most luminous vapours at the sun's limb is not far from 
need by an electric spark of very high tension, the lines, 
have seen to be enhanced on passing from the are to such a 
g present. 

hromosphere, then, is certainly not the origin of the Fnum- 
es, either as regards intensity or number. From the eye 
made since 1868, there is ample evidence that the quiescent 
ere spectrum indicates a higher temperature than that at 
of the most valid absorption takes place; in other words, 
■ity of the lines associated with lower temperature are pro- 
ove the level of the chromosphere, and hence the true reversing 
id of being at the bottom of the chromosphere, as held hy 
really above it. 

* l'roc. Soy. Scc. s \o\. xsxiV; \>. 207. 
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The eclipse photograph, 
by the relative lengths of 
need not locate the regiibn 
by the Fraunhofcr lines at 

I may say that for som i 
of the darkest lines indicated 
for the reason that the bri 
might have an important 
superposing radiation, and 
observations of the eclipses 
that this opinion is prohabl 
sun's atmosphere close abov 



s, however, at the same time afford evidence 
some of the lower temperature lines that we 
which produces the absorption indicated 
any great height above the chromosphere, 
time I was of opinion that in the sun many 
absorptions high up in the atmosphere, 
ght continuous spectrum of the lower levels 
effect upon line absorption phenomena hy 
so diminishing the initial absorption. The 
of 1893, 18% and 1898, however, indicate 
y only strictly true when the strata of the 
;e the photosphere are considered. 



gr ind 
science 



Let us next turn to th 
see if we can get any etiecjt 

In this matter we 
certainly the phenomena 
visible, full of awe and 
ing to the student of 
prominences with the sun 

It happened that I was, 
1871 at the maximum of t 
mum ; the corona of 1871 
thing could he. In 1871 w 
presence of gases, nanieh 
called eoronium. In 187* 
stated that probably the e 
the corona would be foudd 
and recent work has born{ 

1 have now specially 
graphed in 1898 iu India 
ing that an important 
it enables us to separate 
prominences. 

One of the chief resullts 
tion of several lines of pr 
have not been recognised 

Like the lowest hottest 
layer does not write iis 
general spectrum. 

Up to the employment 
tion had been directed to 
nary spectroscope no true 
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highest regions of the solar surroundings to 
ive help from them. 

dependent absolutely upon eclipses, and 
observable when the so-called corona is 
eur to all, are also full of precious teach- 
The corona varies like the spots and 
pot period. 

the only person that saw both the eclipse of 
he sun-spot period and that of 1878 at mini- 
ras as distinct from the corona of 1878 asany- 
e got nothing but bright lines indicating the 
' hydrogen and another since provisionally 
we got no bright lines at all ; so i then 
langes in the chemistry and appearance of 
to be dependent upon the sun-spot period, 
out that suggestion. 
:o refer to the corona as observed and photo- 
by means of the prismatic camera, remark- 
in the use of the prismatic camera is that 
spectrum of the corona from that of the 



obtained is the determination of the posi- 
'jbably more than one new gas, which, so far, 
is existing on the earth. 

layer, fw some reason or other, this upper 
record among the lines which build up the 



of the prismatic camera insufficient atten- 
faet that in observations made by an ordi- 
measure of the height to which the vapours 
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or gases extended above the sun could be obtained; early observations, 
in fact, showed the existence of glare between the observer and the 
dark moon ; henee it must exist between ns and the sun's su: -round - 



mgs. 

Tlie prismatic camera gets rid of the effects of this glare, 
results indicate that the effective absorbing layer — that namely 
mves rise to the Frannhofer lines— is much more restricted in 
than was to be gathered from the early observations. 



;vnd its 
which 
uicss 



thick 



We learn from the sun, then, that the absorption which deli 
ordinary spectrum is the absorption of a middle region, one 
both from the highest temperature of the lowest reaches of th 
sphere where most tremendous changes are continually going 
from the external region where the temperature must be 1 
where the metallic vapours must condense. 

This is the first great teaching of the test-spectrum, 
chapter will deal with the second. 
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itory work undertaken with the view of attsmpting t:> 
s of the various phenomena presented by the sun had 
n stage, it became necessary to endeavour to get an 
sun's place among the stars by a discussion of all the 
;roscopic observations which might throw light upon the 
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time a very large number of the most important line.?, 
and dark, recorded in stellar spectra were of unknown 
inquiry, therefore, in the case of all the hotter stars had 
the spectral lines as hieroglyphics, riot as special chemical 
es. 

began the inquiry, the prevailing ideas were that the first 
star's life was one of the highest temperature, and that all 
observed were due to different stages of cooling having 
\Vitli regard to the nebulae, they, it was imagined, 
srent order of created things from the stars, 
rer the old views, among thein one that the nebula} were 
thing dark, which enabled us to see something bright 
another that they were composed of a fiery fluid, I may 
long ago they were supposed to bo masses of gases only, 
very high temperature ; and it was also suggested that 
, represented the residua in space left after all the stars 



ance 



for iied. 
hot 



of this inquiry forms the subject matter of two com- 
* so I need not dwell upon it in any detail here. Hut 
that I should state, as briefly as may be, the results to 
icxission of all the then available spectroscopic observations 



lines 

ary 



observations were satisfied by the working hypothesis of 
of all cosmical bodies from meteorites, the various stages 
the spectra being brought about by the various conditions 
from the hypothesis. 

33 present us witli the first stage. They are taken to be 
of meteorites colliding together, and thus producing 
luminosity, which spectroscopically is found to be due to permanent 
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gases, hydrogen and the cleveite gases and carbon co 
out of the meteorites as a result of the heat produced by 
and to a less extent to the low temperature lines of some of 
metallic elements known to exist in meteorites. 

\Ve have then to deal with the colliding particles o|f 
and the permanent gases given off and filling the intersp;; 
perature is relatively low; since gases may glow at a low 
as well as at a high one, the temperature evidence depci 
presence of cool metaJlie lines and the absence of the enh 

The nebulae, then, are relatively cool collections of somje 
manent gases and of some cool metallic vapours, and boqh 
metals are precisely those I have referred to as writing 
most visibly in stellar atmospheres. 

If the nebula are thus composed, they are bound to condense to 
centres, however vast their initial proportions, however irregular the 
first distribution of the cosmic clouds which compose them. Each 
meteorite, the motion of which is stopped by collisions, iiust at onc-e 
fall to the centre of gravity of the swarm. 

Each pair of meteorites in collision puts us in mental 
what the final stage must lie. ^Ye begin with a feeble 
metallic vapours round each meteorite in collision ; the 
the meteorites is filled with the permanent gases driven 
afield, and having no power to condense. Hence dark 
bright gas lines. As time goes on, the former must pr 
the whole swarm of meteorites will then form a gaseous s 
strongly heated centre, the light of which will be 
exterior vapour. 

As condensation goes on, the temperature at the centre 
tion always increasing, all the meteorites of the parent s 
are driven into a state of gas. The meteoritic bombardm 
now ceases for lack of material, and the future history of 
gas is, speaking generally, that of a cooling body, the v 
in the atmosphere while condensation was going on now 
by a relative calm, producing a quiescent reversing layer 
tion of which alone enables us to define the temperature oi 

The tc m perature- order of the group of stars with 
well as dark ones in their spectra, 1ms been traced, and 
indicating the spectral changes have been as carefully s 
in which absorption phenomena are visible alone, so that 
very few breaks in the line connecting the nebula; with the 
verge of extinction. 

\Ve find ourselves here in the presence of minute detail exhibiting 
the .workings of a law associated distinctly with temperature ;■ and 
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this, we are also in the presence of high temperature fur- 
rely shielded by their vastness from the presence of those 
g phenomena which we are never free from in the most 
conditions of experiment we can get here, 
ks to the spectroscope, the old guesses have now been replaced 
of a general inquiry, in which hundreds of thousands of 
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s have been used, and for my part I do not think it probr 
the scheme of celestial evolution which I have sketched above 
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induction. 

When this view of celcs 
result of the vide spec 
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were of unknown origin ; 
their presence as criteria, \v: 
lower groups I, II, and VI, 
fi cation of many metallic fin 

"When engaged later on, 
ingto their photographic sjierf 
of lines of unknown origin, 
of intermediate temperature 

After the discovery of t 
Ramsay, I showed in a seric; 
Society,! May — September, 
uhtaincd by the process of 
extent for the first set. 

This result proved to he 
IV, which contains the h 

In 1897, in a series 
Society,} I pointed out that 
the stars of intermediate 
were due to the enhanced 
lines being almost entirely 

The recent developments 
tion of a " test-spectrum 
result of this has been to g 
the first observations 

In the accompanying pb 
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accompanying temperature curve, will be 
tial points ; it rests upon so wide a basis of 



tial evolution was first formulated as the 
c inquiry to which I have referred, most 
and in the stellar groups III, IV, and V,. 
the groups were established by accepting 
: thout any reference to chemistry. In the 
the chemistry was obvious, and the iden ti- 
lings made it clearer still, 
in 1893, in the classification of stars, accord- 
ra,* I came across two very important sets 
one in the hottest stars, the other in stars 

terrestrial source of helium by Professor 
of seven notes communicated to the Royal 
1895, that the elevcite gases, which I 
distillation, accounted to a very great 



ottcst 



n! 



The number of lints 

Kensington between A 379Ji 

Of these the number whit 
enhanced metallic Hues so 



* Pkil. Trans., A, vol. elxxxi 
+ 1st note, Proc. Mot/. Soc, v. 

ibid., vol. Iviii, p. llfi ; 4tb, ibid. 

(Jth, ibid., vol. lis, p. 4; 7tli, Hid. 
J Proc. Hoy. Soc. t vol. Is, p. * 
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the key to the chemistry of groups III and 
stars. 

jf three communications to the Eoyah 
some of the other set of unknown lines hi 
rature, taking «. Cygni as an example,, 
rk lines of iron and other metals, the arc 
lit. 

of this research, and the ultimate forma- 
ve been referred to in Chapter III. The 
;itly strengthen the argument based upon 



tempe 
spa 
abse 



la 



lotograph, a comparison is shown between 
is enhanced lines of the substances thrown 
-s ■jeetrum." The extraordinary number of 
coincidences is seen at a glai.ee. The facts are as follows : — 



measured in the spcetrum oF a Cygni at 

1 and A 4S61 ■(! is 307 

li approximately coincide!) ivitb the 
far observed is ., .. .. 120 



, p. 675. 

Iviii, l). C7; 2nd, ibid., vol. Iviii, p. 113 ; 3rd, 
i vol. Iviii. p. 192; 5th, ibid., vol. Iviii, p. 133;. 
, vol, lis, p. 342. 

t75 ; Hid., vol. lii, p. 11S ; dbid., vol. lsi, p. 441. 
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STELLAR ATlIOSrHERES, 



The number of lines (excluding the hydrogen srrie-) in a Cvgni of 
intensity over 4- (the maximum being represented by 10) is . . 40) 

Of this number, the coincidences with, enhanced metallic lines with 
the dispersion employed amount to .. . . .. .. 3Jt 




1 





Jo : 



The lines of the stars oi intermediate temperature, like a C 
have long been recognised t>y the Harvard observers as veil as hy 
as presenting great difficulties. 

E 



niv 



49 



.■gin, 
"self 
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IXDIKIAMC EVOU'TIOX. 



In 1S93 I wrote as follows :* "With (.lie exception of 
the lines of hydrogen and the high temperature line of 
A44S1, all the lines may he said to he at present of link 
Some of the linos fall near lines of iron, lmt the absence of 
lines indicates that tne close coincidences are probably 
In the Harvard Sji"ffm of right tf/tn-x, 1^97, p. 5, the fol 
occur, relating to the same stars : " This system of lines s 
he regarded as forming a separate class, as in the case 
lines, and should not he described as 'metallic,' as has 
in the absence of any more distinctive name." 

It will he se:;n then that the second sot of " unknown 1 
been as effectively disposed of by the determination of 
lines of the metallic elements as the first set was by the d 
cleveite gases. The secrets of the "unknown lines" 
stars now stand revealed. 

Xow that the chemical story is so nearly complete, oi 
so much more complete than it was. we are in a p 
what the stars teach us concerning their chemistry; 
instance we must examine the origin of the information 
tha t is, amongst other things, we must study their absorbi 
and next their chemistry in relation to temperature. 

With regard to the origin of the absorption phenom 
for the most part, our inquiries will be directed; in 
sun, we have a star so near us that we can examine thefi 
its atmosphere, which we cannot do in the case of the 
stars. 

We have seen in Chapter IV the facts with regard 
that the most valid absorbing layer occupies a certain 
.atmosphere not high up, not at the bottom, but slig 
bottom — that is the chromospheric — layer. 

"Now the spectrum of Arcturus resembles the spectr 
almost line for line; what is true for the sun therefore 
true for Arcturus, which exactly resembles it. The i 
have to consider is whether the absorption in stars gener. 
spectrum indicates for us, takes place from tup to bottom 
sphere, or only in certain levels. 

In many of these, stars the atmosphere may be mi 
high. In each the chemical substances in the hottes 
portions itetit lie vastly different ; the region, therefore, 
absorption takes place, which speetroscopically enabl 
criminate star from star, must be accurately known 
■obtain the greatest amount of information from our inqiijir 

'* FMl. Tram., A, T ul. <-Ixxxiv, p. 6»4. 
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the K line, 
n|agnesium at 
nown origin, 
the strongest 
accidental.' 1 
owing words 
silo n Id perhaps 
of the Orion 
been done 



]USt 



nes " has now 
the enhanced 
iscovery of the 
the hottest 

at all events 
ositibn to inquire 
jnt in the first 
they afford us, 
lg conditions, 



the 



ijna, to which, 
case of the 
'(■rent parts of 
more distant 



to the sun- 
region in the 
above the 



uni 
mil 



of the sun 
st be equally 
ext point we 
lly, which the 
of the atmo- 



lions of miles 
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in which this 
;s us to dis- 
lefore wc can 
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Assuming LliiiL the most valid absorbing \ 
star are all near one temperature, we can pr 
origins of the spectrum lines by first getting a el 
temperature from the extent of continuous spec 
ing into the presence or absence of the lines v 
spectra of various substances at that tempera 
absorptions take place at different levels in the 
the proper spectrum of each substance to be thus 
be determined by a comparison of the stellar wi 
of the substance under varying temperature e 

This method of looking for the longest lines 
stars which are hotter than our hottest spark. I 
we must necessarily rely oil a comparison with 
study of the spectra at different temperatures, w 
longest in the spectrum at a temperature big 
experiments can be carried on. 

It is in connection with such an inquiry as 
the conditions of the sunV atmosphere is of su_ 
is iv hy I have devoted the previous chapter to it 
knowledge of the solar conditions) must be of 
enabling us to apply a well-established series of 
ease of the star nearest to us, to the phenomena 
distant bodies. 

By doing this we have obtained facts which 
of the atmosphere the absorption takes place 
various phenomena on which the chemical class 
these facts we are bound to accept in a diseu 
stellar absorption in the absence of evidence to t 
are justified in extending these general conelusi 
shine in the heavens. T go further than this, 
presence of such definite results, it is not philost 
the absorption may take place at the bottom of 
star, or at the top of the atmosphere of s mot he 
rests upon those who hold such views. 

So much then, in brief, for solar teachings in 
of the absorption of the lower parts of stellar 



ol 

amours in any particular 
oqeed to investigate the 
te as to the probable 
■rum, and then inquir- 
hieh are longest in the 
ithre. Tf, however, the 
atmosphere of a star, 
investigated can only 
h t lie terrestrial lines 
ons. 

will fail in the case nf 
n such case, therefore, 
lines which, from onr 
mild most probably be 
her than anv at which 



pi 



ion 



atir o 



If we are justified in arguing from a star 
well developed as that of the sun to one in which 
much less marked in consequence of a much hiu 
we must consider that the absorptions which rait 
groups are more conditioned by the temper 
regions merely than by the thickness of the absof 
by the densities of the various vapours. Anothc 



i tur 



this that the study of 
•erne importance, that 
It is obvious that a 
the utmost value in 
facts, gathered in the 
presented by the more 

suggest in what parts 
which produces the 
fication can be based ; 
sion of the origin of 
re contrary. And we 
s to all the stars that 
and say that in the 
phical to assume that 
atmosp.iere of one 
r. The tmu* pt'oliititrfi. 



the 



relation to the record 
spheres, 
nth a photosphere as 
it is in all probability 
ler temperature, then 
k out the various star 
es ot the absorbing 
■bing atmospheres, or 
r consideration to be 
c 2 
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a quiet 
to 

But still 
bodies el 
perature 
Iiodies oi 
find at 
curve, t 
many 
behav 

Now 
clnsion 
no cesser 
was disc 
was bet 
graphed 



po 
iovr 
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both in 
Her 
the closle 
in uotin 
when iv 
identiea 
layer of 

* ^y\n 

is si mi hi 
the s 
Uiver of 



pee ti 



mind is that if the atmospheres are in part composed of 
e vapours, and not entirely of gases permanent at all stellar 
s, condensation must always be going on outside at the; 
lowest temperature. 

hsorption phenomena in stellar spectra are not identical at the 
temperature on the ascending and descending sides of the 
account of the tremendous difference in the physical conditions, 
condensing swarm, the centre of which is undergoing 
bombardment from all sides, there cannot be the equivalent 
ar chromosphere ; the whole mass is made up of heterogeneous 
at different temperatures, and moving with different velocities 
regions. 

condensed swarm, of which we can take the sun as a type, all 
odueed from without has practically ceased ; we get relatively 
ospherc and an orderly assortment of the vapours from cop 
, disturbed only by the fall of condensed metallic vapours, 
on the view that the differences in the spectra of the heavenly 
iefly represent differences in degree of condensation and tem- 
there can be, au fo'/uL, no great chemical difference between 
increasing and bodies of decreasing temperature. Hence we 
^qual mean temperatures on opposite sides of the temperature 
lis chemical similarity of the absorbing vapours proved by 
nts of resemblance m the spectra, especially the identical 
of the enhanced metallic and eleveue lines, 
that the test-spectum has led ns to such a very definite eon- 
,vith regard to a. Cygni and other stars resembling it, it is 
; to turn back to Chapter IV, in which the solar atmosphere 
issed. It was pointed out what a marvellous resemblance there 
iveen the test-spectrum and the sun's chromosphere, photo- 
during the eclipse of lt>98. If the spectra of the valid ahsoib- 
ere of a. Cygni and of the sun's chromosphere resemble the 
rum as they do, the atmospheres must resemble each other, 
:hemistry and temperature. 

, then, we have an almost undreamt-of opportunity of noting 
connection between solar and stellar phenomena, not merely 
g the identity of the action of the nl^orbirii/ foyers as we do 
e find the spectra of the sun, Arc turns and Capella, almost 
, line for line, but in studying the relation of the absorbing 
one star to the underlying layer in another, 
e we find, on the one hand, that the absorbing layer of the sun 
r to those of Arc turns and Capella, we find, on the other, that 
urn of the sun's chromosphere resembles that of the reversing 
a. Cygni. The "test-spectrum " fits then/Loth. 



tmosph 
pect 
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V.] STELLAR ATMOSPHERES. 

Now the chromosphere by a well-known physical law must he 
hotter than anything outside it, but we know that the reversing layer 






lies outside it, therefore the reversing layer of a Cygni must he hotter 
than the reversing layer of the sun. 

Tn the chromosphere of 1 80S, the enhanced lines are all of greater 
intensity than the corresponding Fraunhofcr lines, find they are also 
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relatively stronger, as lef erred to the 
the experimental spark. Hence, the in 
chromosphere must lie ;tt a temperature 
spark, and certainly higher than that of 
effective in the production of Frannhofei 
The evidence is complete that the 
layer of st Cygni is liighcT than that of 
What do we find 1 Of lines disappearing 
calcium, magnesium, strontium, and so 
Of lines increasing in importance we hav 
ing the enhanced lines of iron, the lines 
which we cannot at present associate w 
substance. Here, then, we get a series o 

statement 



ih 



the 



on 



and sufficiently explained hy the s 
temperature of the sun to a Cygni, 
about, the complicated line spectrum of 
simple one consisting of the enhanced 
that the ether metallic spectra are hehavi 

In passing from the absorbing layer o 
then, we pass from the arc lines of the met 
lines. Truly a most tremendous change 
beyond all question. The significance of 

In the case of the sun. the enhanc 
one we could employ with advantage. T> 
stars, stars that is, with the longest spect; 
These are so much hotter than the sun, t 
trinity of noting another break ; really 
spectrum, that afforded by the summation 
the cleveite gases. 

As we have seen, the arc metallic lin^ 
metallic lines in stars of intermediate 
a Cygni, so, in the hottest stars the en 
almost entirely, and give place to a spec 

To take iron as an example, tor the 
seen then that the actual stellar phen 
dieted up to a certain point, from a e 
solar phenomena. Eut the stars carry u: 
we see the gradual increase of hydrogen 
facts demonstrate that as temperature 
arid, together with the cleveite gases not i 
iron which has disappeared 



anions 



TIOX. 
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ire lines, than they are in 
e|mdeseent iron vapour in the 
t least as high as that of the 
e iron vapour which is most 
lines. 

emperature in the reversing 
reversing layer of the sun. 
we have the arc lines of iron, 
, some thousands in number, 
the small number represent- 
i jf hydrogen, and some others 
'ith the name of any known 
phenomena which is simply 
that on passing from the 
2. other changes brought 
iron is giving way to a more 
Further inquiries show 
ig in the same way. 
f the sun to that of x Cygni, 
illic elements to the enhanced 
vhich the test-spectrum puts 
this will come later. 
I test-spectrum was the only 
ut in the case of the hottest 
urn, we can go still further, 
hat they give us the oppor- 
of employing another test- 
of the lines of hvdroeen and 



s give way to the enhanced 
erature, like our sun and 
hanced metallic lines vanish 

almost purely gaseous, 
sake of simplicity, it will be 
cniena might have been pre- 
ideration of laboratory and 
further than our predictions ; 
and the cleveite eases. The 
increases hydrogen increases, 
obvious before, finally replaces 



tempe 



film 



ons 
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Chap. VL— The Chemistry of 



the Stars. 



The recent advances in our knowledge whit- 1 
combination and interaction of solar, stellar a 
carried on by the aid of instruments of much 
formerly used, have given ns a firm chemical 
stars in my classification of them. These grou 
discussing sequences of lines before the origin 
made out ; as 1 have already said, a series of 
placed by chemical facts ; and we can now stu<|l 
stars, as well as their order in a system of clas 

The first question which naturally arises is 
elements make themselves visible indiscrimina 
bodies, so that practically, from a chemical 
appear to us of similar chemical constitution 1 

From the spectra of those stars which 
they consist of an interior nucleus surrounded 
absorbs the light of the nucleus, and which 
means of this absorption : it is to be gathered 
some stars are chiefly gaseous, i.e., consisting; o 
as gases here, of others chiefly metallic, of 
posed of carbon or compounds of carbon. 

Here then we have speetroseopically reveal 
considerable variation in the chemical eon 
up the stellar atmosphere-;. 

This, though a general, is still an isolated s 
nect it with another % 

By means of one of the first principles of r 
to in Chapter I. m-c know that the hotter a tb 
produces a continuous spectrum, the further do 
into the violet and ultra-violet. 

Hence the hotter a star is, the further < 
fi/titifins spectrum lengthen out towards the 
•jntrihus, the less is it absorbed by cooler vapour 

Now to deal with three of the main grouj 
ollowiug \evy general result : — 



Ga=eous stai'- 
Metallic stiiirs 
Carbon st;i]*.< 



Longest 
Med i tun 
Short est 



i have come from the 
ud laboratory research, 
gfeater power than those 
h|old on all the groups of 
ps were established by 
of the lines had been 
hieroglyphics is now re- 
y the chemistry of the 
sift cation, 
this : Do the chemical 
ely in all the celestial 
pofnt of view, the bodies 

This is not so. 
resemble the sun, in that 
by an atmosphere which 
therefore we study by 
that the atmospheres of 
: elements we recognise 
others again mainly corn- 
el the fact that there is 
stitnbnts which visibly build 

statement. Can we con- 



pect 



rum analysis referred 
ig is the light of which 
es tin.' spectrum stretch 



es its complete or am- 
tltl'a-violet, and, mfrris 
s in its atmosphere, 
is of stars, we find the 



:j)t»l'll-imi. 

spi>cti'um. 
spectrum . 
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^\"e have now associated two different series of phenomena, and vc 
are entitled to make the following general statement: 



Gaseous stars 
Metallic stars 
Carbon stars 



Highest 
Medium 
Lowest. 



temperature, 
tempera lure, 
temperature*. 



Hence the differences in apparent chemica 
ciated with difi'erences of temperature. 

This, then, is the result of our first in qui 
the various chemical elements in the atraosph 
^Ye get a great diversity, and we know that t 
changes of temperature. We also find that 
pendently know to he a cooling star, and 
chemically. 

Can we associate with the two to which I 
tion still a third class of facts 1 

Laboratory work enables us to do this. 

The cleveite gas spectrum and the spectrin 
lines come to our help aijd enable us to 
studying the appearance of these lines in s 
third series of phenomena available, and we 
absolutely in harmony with what has gone b 



Gaseous stars . . Highest temperature , 

Sletallie stars . , Medium temperature 
Carbon stars . . Lowest temperature . 



It is clear now, not only that the spectral 
ciated with, or produced by, changes of tern 
of the enhanced spark and the arc lines lands 
rigorous stellar thermometry, such lines bcin 
than the relative lengths of spectrum. 

What then, is the chemical law 1 It is t 
stars we deal, speaking generally, with the 
asterium, and doubtless others still unknown, 
the next lowest temperatures wc find these 
metals in the state in which they are oh 
when the most powerful jar-spark is employee' 
ture still the gases almost disappear entirely, 
the -tate produced by the electric arc. 

I said '• speaking f^Terall but we really 



serv 
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1 constitutions are asso- 



y into the existence of 
eres of stars generally, 
lis diversity accompanies 
the snu, which we indc- 
Arcturus, are identical 



have already called atten- 



of enhanced metallic 
glet a step forwarder. In 
;ellar spectra, we have a 
nd that the results are 
'e:ore. Thus 



itrong cleveite "as and 
: ahit enhanced lines. 
"Ffeble cleveite gas and 
strung enhanced lines. 

cleveite gas, and 
strong are lines. 
Ft int arc lines. 



hanges in stars are asso- 
peitature, but that the study 
us in the possibility of a 
more easy to observe 

iiis. In the very hottest 
Erases hydrogen, helium, 
almost exclusively. At 
^ases being replaced by 
ed in our laboratories 
At a lower temper-H- 
and the metals exist in 

can wo further than this 
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CHEMISTRY OF THE fSTAHS 



genur 



general statement, and I next pass froiii tlie 
and give the detailed results recently obtained ir 
hot or hotter than Arc turns — taking Arcttirus 
temperature — in the light of the most recent woi 
already been referred to in the preceding chapters 



al to the particular, 
the case of stars as 
represent the sola!' 
k, some of which has 



to 



Pivto-iiwtah. 



on 



With regard to the metals, the recent work 
in the spectrum of metals, aCygni* and the sun's 
us to deal with the lines observed at the highe 
spectra of the following substances: magnesium 
gauese, nickel, chromium, titanium, copper, varjadi 
eh mi. 

The untouched reproductions of photographs 
chromosphere and a Cygni, given on page 03, h 
wonderful similarity which exists between these 

As we have to deal both with the arc and spar 
stances, for the sake of clearness I call the latter 
and consider the substances which produce 
highest available laboratory temperatures, "pr 
finer form of the metal than that which produce:! 
spending to the " meta-eleroents " imagined by 

The temperature ranges of the enhanced lines 



ih 



been investigated in various stars with the follow 



57 



the enhanced iines 
chronics pli ere enables 
it temperature in the 
calcium, iron, mini- 
um, strontium, sili- 



of the sjieetra of the 
,ive already shown the 
ree spectra, 
k lines of ihese sub- 
" jjroto-mtkdlk " lines, 
tfiem, obtained at the 
jto-metals," that is, a 
the arc lines, corve- 
Orookes. 
of these metals have 
ing results : — 



Metal. 



Range of temperature 
(upward series). 



Kange of temperature 
(downward series). 



Msiirii pain in 

Calcium.. 
Iron 

Titanium 

Manganese 

Nickel 

Chromium 

Vanadium 

Copper . . 

Strontium 



a Urpte Min. to y Argus 
o Tauri to y Argus 
a Tnuri to Z Taurif 
a Tauri to K Tauri 
a Ursse II in. to a Cygni 
a TJrste llin. to a. Cygni 
a Urs* Min. to a Cygni 
a Urae Min. to a Cygni 
a Ursae Min. to a Cygni 
a Tauri to a Cygni 



Kridani to Procyon. 
Eridani to ArcLuriis. 
h Persei to Arcturus. 
I ;i Persei to A returns. 
Persei to Procyon. 
;) Persei to Proeyoii. 
•i Li r;u to Procvou. 

Sirins to Procyon. 
/! Persei to Procyon. 
Sirius to Aretunts. 



* Mature, toI. lxix, p. 342. 

+ This is one of the most extraordinary spectra wliich. 
Kensington series of photographs, as 1 hnvc already poiu 
Ixi, p. 184). While the lines of hydrogen are fairly 
many of the lines, especially those of the clcveite gases, 



lias been met with in the 
;ed (Proc. Roy. Soc, toI, 
liavp and not Terr broad, 
ire broadened almost into 
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The enhanced li 
almost all of the raor 
that I have itivestig; 
for the results of the 
although in addition 
foregoing table, tho 
antimony, lead, pa 
cerium, uranium, c 
with lower rlispersi 
less jar capacity, so 
stances exist in the 
perature. 

The temperature 
also been investigated 
table : — 



nes of the above substances seem to account for 
T; marked lines in aCygni. It is on this ground 
ted their behaviour in other stars before waiting 
complete inquiry. Another reason has been that, 
to the enhanced lines of the metals shown in the 
■e of barium, cadmium, molybdenum, lanthanum, 
lfadium, tantalum, erbium and yttrium, tungsten, 
■alt, and bismuth have already been investigated 
M\, and a spark obtained with the use of a much 
av as T have no certainty that any of these sub- 
reversing layers of stars of intermediate tem- 



■ob. 
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ranges of the arc lines of some of the metals have 
and the results are shown in the following 



Metal. ] 


lange of temperature 
(upward series). 


Kauge of temperature 
(downward series). 


Iron 

Calcium . . 
Jlanganesc 


» , a 
. 1 a 
. | a 


Taiiri to a Cygni. 
Tauri to a TXrsse ilia. 
Tauri to a Ursa; Min. 


a Canis Majoris to Areturus. 
a Cams Majori? to Arc turns. 
a Canis ilajoris to Areturus. 


So much, then, f 


or the metals. I now 


turn to the gases. 



Some little time 
tory, found on ex. 
them on the poop (I 
forms the constell 
recognised, and 
element.* On furt 
new series was in 
occupied the same 
and constants frou: 



tin] 



it ion 
he 



Protu-hijt.h'oiji' a . 

ago Professor Pickering, of the Harvard Ohscrva- 
ning the spectra of the southern stars, that one of 
it. Puppis), hence called £ Puppis, of the ship which 
Argo, contained a system of lines not hitherto 
naturally concluded that it indicated a new 
her inquiry he found reason to suppose that this 
ome way connected with hydrogen, since the lines 
positions as those computed from the same formula 
which the ordinary series of hydrogen was cak-u- 

hvpotliesis tli jp is explained by the great difference* 
of tlie metcoritic streams, the special broadening of the 
is indicating that those giisc* aiv rliicfly concerned in dis- 
■a hires, 

ndistinctuess of many of it? lines, £ Tauri is omitted from 



invisibility. On the 
of velocity and di 
lines of the elevcile ga 
turbauces at high. I 

On account, of the 
tht> presi o' discission 

' A-v/r.-jJii/Kiedl Journal, vol. iv, p. 3(19, and vol. 5, p. 03 



m at eon tic 
direction 

temper 
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H' 



■of. 

IH'W 



town 



lated, the only difference in the e 
even values of « were used inster 

Professors Pu-keviug and K 
of hydrogen is due most probahk 
Kayser expressly stales ■• that 
before can perhaps be explained 
(Teissier tubes and most of the st 

Tf. as suggested both by Pi 
series and the one previously k 
type, the principal series of hyi 
indeed one of the still " nnkn 
by Professor Kydherg. Another 
stars so far considered, the temp 
its molei-nle to exist uneombined. 

On the view th.it the new 
£ Pnppis represents the cftWt t 
attempt has been made to prodne 
In the high-tension spark in hv 
ordinary series is represented b 
with large jars in vaeunm tubes 
glass and the appearam-e of lin 
but the new series has not yet be 

In his first communication P 
46.'il\ 4020. and 4-")0o, 
second paper, which has special 1 
4-*»03 was at first taken to be one 
but this seems to have been si 
meut of the line about 4-~>44 
intensity and the calculated posi 



mployment of the fo: inula being that 
:iH of odd values.* 

er both com-cde that this new form 
to a high temperature, and Professor 
: his series has never been observed 
l.i v insufficient remneranire in our 



irs. 



* Tin 1 two series are as follow? : — 



J,, 



UF THF sTAUs. 



essor Kayser and myself, this new 
u are probably of the subordinate 
rogen is still beyond our ken. unless 
lines represents it, a* suggested 
possibility is that, even in the hottest 
eratu: e is not high enough to allow 

;eries of probable hydrogen lines in 
transcendental temperature, an 
'e this spectrum in the laboratory, 
drogen at atmospheric pressure the 
.- broad lines. The use of the spark 
results in the partial fusion of the 
es which have been traced to siikium, 
'|en observed. 

rofessor Pickering mentions lines at 
he does not refer to them in his 
vferenee to the new series. The line 
of the components of the new series, 
sequent ly superseded by the employ - 
ivhieh agrees better both as regards 
4o43l). 



U ion 





o,v .wv. 






X . i>\ 


rift. 












Observed 


,). 




Observed 




l\>iv.}ii;ti i i.'i. 


rnioaii >i. 


ll 




0303 -o 


& 


101 2> 1 






■ix.ii ■:■> 


■1S01 -ii 


i 


541;* 




10 


■1X10 Hi 


4340 -r 


9 


4 o4S '(.i 




1-* 


4101 -!i 


4101 \s 


11 


4-201 '7 


4200-4 


14 


3*170 "2 




13 


4027 • I 


4020 •> 


It! 




3s>i--l 


15 


3025 "2 


3!»24 7 


ks 






17 


3SoS> ■> 


3>5> - 7 






$7'?> "I 


15) 


S-U "i -2 










'21 


S7i-» -4 


37^3 "4 



These inures aw taken from rWifessor riotering'? tmiele in Astrophysical 

K:,vsvt's ar:i l - 1 ;> on - t : v l ..... 
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As this new hydrogci 
"v ell-known one ;>s the 
call the gas which prodtK 

The new series of lin 
k Orionis photographed 

Professor Pickering 
other stars than £ Pupp 
McClean, in his admira 
hemisphere, has obtainec 
which the new series 

From a discussion o 
graphed, there can be li 
the very hottest stars so 
gen lines represents one ■<■ 
tion so far within our kei 

^Ve are, therefore, i 
tion of this new gas to o 
ing in stars of nearly equ, 



series seems to hear the same relation to thy 
proto-metallic lines hear to the metallic, I 
es it proto-hydrogen for the sake of clearness. 
■ is has been found in the spectra of £, e, S, and 

Kensington in 1S92. 
limself has since found this system of lines in 
is, -9 Canis Majoris among them, and Mr. 
work on the brightest stars of the southern 
photographs of the spectrum of y Argus, in 
a. 

these stars in relation to the others photo- 
tie doubt that we are here face to face with 
: ar known : and that the new scries of hyclro- 
nioug the last stages of chemical simplifiea- 



appiai 



10 w 



in a better position to determine the rela- 
tor gases, both kno.vn and unknown, appear - 
d temperature. 



ICCOl Jit 



li i 



ith 



But even with our 
that in relation to the 
chemical knowledge ; no . 
assume, taking into 
tion and of the strict 
small part of space uea 
as yet really in touch wi 

Again, we cannot be 
studied puts us in preset 
stars which apparently ai 
are involved in unknown 

Two typical unki 
404S)-2,* and besides the 

As these most pr 



low 



■ 5 e 



obi.l 



them in the following 



tar 



to which the various k 
origin, extend. 

Mr. McGluan has st* 
which is the strong tripl 
the spectrum of (i Cruc 
My own observations, so 



is; 



r, 



[chap. 



Olhur X'^w Lines. 



present knowledge of stellar spectra we Hud 
lottest stars there are still some gapis in our 
only is this so, but have we any right to 
the limitations of our means of observa- 
iitation of our observations to the relatively 
est us, enormous though it is, that we are 

the highest stellar temperatures 1 
I'crtaiu that the small number of stars as yet 
;c of the highest stellar temperatures. Those 
e at the very apex of the temperature curve 
Hues, and requite a special study, 
n lines have wave-lengths at 40S9'2 and 
three other unknown lines occur in y Argus, 
ly reveal still undiscovered gases, 1 include 
tie showing the limits of stellar temperature 
it and unknown lines, probably of gaseous 



n 3W 



;itei 
et 



1 that certain of the oxygen lines (amongst 
at AA 4070*1, 4072-4, and f 4076-3) appear in 
and other stars of nearly ecpial temperature, 
far as they have gone, tend to confirm this 

oc. Hot/. iSoc, Tot. liii, p. 52. 
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Origin. 



X of cliief line?. 



E;mge in ascend 
series of stars 



Unknown 

Hydrogen 

(new) 
Unknown 

Helium 

Asterhini 
Hvilroeen. 



[44571 
4 4451 [ 

f -1544 -0 1 
- \420L>'4J 
4fif9*2 
J4471 -6\ 
\ 4026 -3 J 
J 43*81 
I \4009 f 
' Complete series 



Seen onl 



? Orionis to 7 At 
a Criieis to £ Ori 
Kigel to 7 Arjjiis 

Kigel to y Argils 
Aldebaran to 7 A 



y 111 y Argus, 
gns 



view; but other photographs and more laboratory work are needed 



hieh have been observed, 
oxvgeu have been noted 



to explain certain changes of intensity w 
The lines attributed by Mi*. MeClcan to 
between a, Crueis and ( Ononis in the upward series, and in stars at 
about the a Eridani stage of temperature in the downw ard series. 

There is evidence that the strongest lii es of nitrogen at A 3995-2 
and X 4G30 - 9 make their appearance in stais at about the temperature 
of ct Cruris. These lines appear from Ivige] to ( Ononis in the upward 
scries, and are present in the stars at the a 
ward. 



EsHige in deseenditi" 
series of star*. 



Xo star? available, 
n Eridani. 

a Eridani to 7 Lyra.'. 

a Kridani to 7 Ljr:r. 
a Eridani to Ave turns 



I pointed out many years ago* that 



flntings of carbon in the violet arc replaced by a line at A. 4267-5, 



There is a line at this wave-length in the 
temperature from that of liigel to ( Orioi 
x Eridani to Persei on the downside of th 
There is no known line of gases or met; 
assigned. It is probable, therefore, that 

the same temperature as that at which oxygen and nitrogen have been 
traced. 

Two lines in the spectrum of silicium (a 
been traced in stars between the temperatures of a Ursa? Mm. and 
11. Crueis in the upward series, and between those of « Eridani and 
Procyou on the downward. 

The accompanying map shows the fact 



or hotter than, the sun, as we know them at. present 



Description, of M>.q 

The map is arranged 011 the following 
the sun and Are turns forms the lowest 

* Proc. Roy. Soe., rol. iss 



Eridani stage in the down- 



at high temperatures the 



spectra of stars ranging in 
is on the up side, and from 
e temperature curve. 
Is to which this line can be 
carbon exists in stars of 



412y\") and A. 41,31-5) have 



relating to stars as hot as, 



plan. The temperature of 
fttage. The upper limit is 

p. 461. 
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40094 
40263 
4481-3 
43407 
33338 
40692 
4S49J 
AQ724 

4070-3 

39852 
42675 

Ut3i S 

42333 



4444Cf 

4556-1 

43444 

40S74 

45888 

40S39 



4EI57 

[4045 3 

40636 

Uo7i 6 

422S-9 

!403C S 
4033 2 
4GS4 6 
403JS 



o 

H 

0> ^ 



P 
o 

1 
2" 



til 



defined by y Arg 
stars named are 
decreasing tiimpei 
mean temperatur 
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£ T53 W p «S fe< 
p o -l o ° 

g 5 S ^ 



3> 

1 § 1 § 

9° co co 



^ "Co 



CO 



> 

m 



rn 30 
to == 

Co O 



Unknown. 
Proto- hydrogen 
AsTerium. 
Helium 

Proto-magnesiim. 
"j: Hydrogen. 
jProto-cafeium. 
Unknown. 
Unknown. 
Oxygen. 
Nitrogen. 
Carbon. 
Siltcium. 
Proto- iron. 
Proto-titanwm. 
Proto-copper 
ProTo- manganese 
Proto- nickel 
Proto -chromium 
Proto- vanadium. 
Proto -strontium. 
Iron. 

Calcium. 
Manganese, 



Fig. 27. — Map of eliemical substances present in stars of different tenipeiMtuivs. 



iis, the hottest star so far known. On the left the 
ose of increasing temperature, on the right those of 
attire. Those on the same horizon represent equal 
■0js so far as the eleveitc gas and enUmced lines help 
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lKl 



111 e 



of 
the 



st 



us to determine them. The blank space.-; 
has been photographed in the spectrum of 
exactly match those on the opposite side. 

The names of the various chemical sob 
cussion are given at the top, I have ret 
that condition of each metallic vapour whi 
lines alone, and I have added it to that form 
the hottest stars. 

The behaviour of the most typical line 
is indicated by a double line looped at 
The length and varying thickness of the li 
the temperature curve are derived from the 
intensity of the lines, noted in the different 

The wave-lengths of the lines discussed 
the map, 

Ikkilh of L'hnitji-* oh- 

The facts embodied in the map present 
noted in stars of Groups III, IV, and V of 
a result of a more general inquiry than th 
vious papers f the origins of a very consi' 
lines having since then been traced to enhan 
known gases. 

It will be seen that this more general in 
prior statementl that the metallic lines are 
their temperature, and the hydrogen lines 
their temperature, in other words, on the 
tnre curve, I have already stated a possible 

It will be observed that, so far, I have i 
spectra on the downward side corresponds 
£ Orionis ; but it is more than probable that 
only a small change will be observed ; their (1 
consequence than it might have been. 

The same remark applies to a Cygni and 
tain that the differences in the relative inteili 
enhanced lines will be considerable, judging 
and below the heat stages represented by th 

The stars used in the discussion give ns 
ins that the various chemical forms are intr 
heat levels. 

* l'roc. Roy. Sol:, vol. sliii, p. 117 (1SS7). 

t Proc. Hot/. Soc, vol. xliv, p. 1 (lss,!-) ; Hid. 
Trans., A., 184, (1893), p. 725. 

X Proc. Roy. Soc, vol. Hi, p. 1S2. 

§ Pi-oc. Soy. .S'off., vol. lsi, p. 1S3. 



lieate that so far no star 
which the enhanced lines 



■an ces included in the dis- 
ci the prefix " proto " to 
;*h gives us the enhanced 
of hydrogen seen only in 



El' 



63 



each chemical substance 
top at its highest range, 
in stars on both sides of 
observed appearance and 
ars. 

e shown at the bottom of 



to ns the spectral changes 
my classification,* and are 
ose referred to in my pre- 
lerable number of stellar 
:ed lines of metals and to 

juiry entirely justifies the 
thickest in stars increasing 
thickest in stars decreasing 
opfiosite arms of the tempera- 
explanation. § 

ut been able to find stellar 
lg to those of y Argus and 
near the apex of the curve 
lefault, therefore, is of less 

Sirins : lint here it is eer- 
sities of the gaseous and 
from what happens above 
0m, 

ery definite results, shovv- 
luced at six very distinct 



'X 



vol. xlr, p. 3S0 (1SS9) ; Phil. 
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series 



the 



ths 
on 



The Temperature J^nif/es. 

I next proceed to make some remarks upon the 
for tlie first time brought together ; it must, howev 
mind thai all the chemical elements and all parts of 
not yet been included in the survey. 

The facts indicate individual peculiarities ; some 
appear to be longer lived than others, and, further, 
spectral changes in the case of different substances 
the same temperature. 

(1) Hydrogen appears throughout both series of s 
bottom. Trot o-magncs turn and proto-calemm follow 
but the highest intensity of the former is reached at 
sen ted by ^ Cygni, and of the latter at the solar temper 
by a Tauri and Ave turns. 

(2) With the above exceptions all the chemical for 
are relatively short-lived. 

This is the first important differentiation. In 
are justified in assuming that the substances in (*2) w> 
the stellar reversing layers if they were there. 

(3) In the stars of higher temperatures we deal 
gases. Below the stages represented by (3 Ononis 
deal with proto-metals and metals, hydrogen being the 

(4) The proto-mctals make their appearance at about 
level at which the gases (with carbon), always exc 
begin to die out. 

This is the second important differentiation. It 
notice the distinct difference of behaviour of carbon 
descending series ; the former goes through the same 
and nitrogen, the latter behaves like the proto-mctals. 

(5) With the exception of iron the metals, as 
from the proto-metals, only make their appearance 
below the heat level of Sirius. 

This is the third important differentiation. It is ac 
a notable diminution of hydrogen and proto-magj 
i/trreds'' of proto-calcium ; indeed, the latter seems 
inversely with the hydrogen. 

The question arises whether the order of visibility 
peratures now indicated does not explain the absence 
gen, oxygen, and nitrogen from the spectra of the sun 
metals present in, and the absence of quartz from, 
similarity of the gaseous products obtained from 
native and other, in vacuo at high temperatures. 



stars from top to 
t very nearly ; 
the stage repre- 
atnrc represented 



and 



st, 



[/'hap. 



of facts now 
er, be borne in 
spectrum have 



chemical forms 
the important 
:lo not occur at 



ins so far traced 



light of (I) we 
Id be visible in 



generally with 
find y Lyra? we 
only exception, 
the same heat- 
opting hydrogen, 



is interesting to 



silieinm in the 
! iges as oxygen 



c on tJra-d i s t i ngni sh ed 
:n stars at and 



companied with 
lesnfii], and with an 
generally to^vary 

at reduced tem- 
of p rot o- hydro- 
aid nebula- ; the 
meteorites, and the 
mctcorftes and metals. 
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I have 
spectra of 
coil in 

intermediate 
<:leveite 
of the hotter 

Our kngwled 
marvellous 
of their m 
In one of 
already 
observed ; 
practically 
absorption 

But tll(: 

phenomena 
ing it we h; 
and flirtings! 
of nrw stan 
be said to 
bodies, w 
ance has ce 
therefore, 
taken some 
to complete 
Hence ' 
swarms of 
menced, i 
stars " than 



hen 



be 



1: 1 



and 



THE CHEMISTRY OF THE STARS. fT> 

The Chemistry of the Cooler Star*. 

shown, on page 57, how the discovery of new lines in the 
;he metallic elements by using the most powerful induction 
i has put us in possession of the chemistry of stars of 
temperature; and, further, how the discovery of the 
has helped us in tracing the origins of very many lines 
stars. 

ge of the chemistry of the cooler stars is little short of 
; we have two distinct groups of coolest ones, the evidence 
ich lower temperature being the shortness of their spectra, 
these groups we deal with absorption a]one f as in those 
we And an important break in the phenomena 
helium, hydrogen, and the enhanced lines of metals have 
lisappeared, and we deal with metallic arc lines and carbon 
ohiefly. 

other group of coolest stars presents us with quite new 
We no longer deal with absorption alone, but accompany 
ive radiation, so that the spectra contain both dark lines 
and bright ones. Xow such spectra are visible in the case 
as they are called, the ephemera of the skies, which may 
exist only for an instant relatively. In the case of these 
the disturbance which gives rise to their sudden appear- 
ised, we find their plates occupied by nebula?; we cannot, 
dealing here with stars like the sun, which lias already 
millions of years to slowly cool, and requires more millions 
the process into invisibility. 

this class of coolest " stars " we are obviously dealing with 
meteorites, the condensation of which has scarcely com- 
hence it is that this class provides us with more " variable 
any other. 
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attenpt 



In the 
from Kuthcr 
were neeessati 
t\on of hyd: 
origins conk 
Hence the v 
were referred 
the work o 
phenomena 
that any co- 

The recent 
flood of ligh; 
grouping: 
chapter is to 
which they 

The fact 
of the stellajr 
this step 
to be completcl 

The sch 
sities, in 
mentioned 

Certain 
represent ' 
hvch-oeen d 



hydrogen " 
calcium, maj 
copper, man 
spectra beii 
The lines th 
kind of v. 
magnesium, 



apour 



, ob 



or 



can 



are 



s made to classify the stars by means of their spectra, 
: urd's time to quite recently, the various criteria selected 
ly for the most part of unknown origin ; with the excep- 
ogen, calcium, iron and carbon, in the main, chemical 
not be assigned with certainty to the spectral lines, 
irious groups defined liy the behaviour of unknown lines 
to by numbers, and as the views of those employed in 
classifying differed widely as to the sequence of the 
served, the numerical sequences vary very considerably, so 
'dination becomes difficult and confusing, 
work referred to in the last chapter has thrown such a 
on the chemistry of the stars that most definite chemical 
now be established, and the object of the present 
give an account of the general scheme of classification in 

employed, which I have recently proposed, 
that most of the important lines in the photographic region 
spectra have now been traced to their origins renders 
e, although many of the chemical elements still remain 
y investigated from the stellar point of view, 
is based upon a minute inquiry into the varying iuten- 
different stars, of the lines and flu tings of the under- 
mces : — 

unknown elements (probably gaseous, unless their lines 
incipal series ") in the hottest stars, and the new form of 
iscovered by Professor Pickering (which 1 term " pro to- 
for the sake of clearness), hydrogen, helium, asterium, 
nesium, oxygen, nitrogen, carbon, silicium, iron, titanium, 
ganese, nickel, chromium, vanadium, strontium ; the 
g observed at the highest available spark temperatures, 
observed 1 term "enhanced" lines, and I distinguished the 
which produces them by the affix "proto," e.g., proto- 
for the sake of clearness.* 



des rabl 



ene 
the 
subst 



us 



* Roy. Sac. Proc., toI. lxiv, p. 398. 
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gn 



Iron, calcium, and mangan 
Carbon (flutings) at arc 
Manganese and iron (fiutin 
In the last chapter I stalled 
regard to the appearances of 
of different temperatures, and 
genera to he subsequently 
on page 62, together with more 
points the examination into 1 
on. 

So far as the inquiry has . 
differences to he taken advani 
scnted in the following stars, 
researches of Professor Picker 
the Kensington series of photofcii 



jse at arc temperatures, 
temperatures. 

£s) at a still lower temperature. 

the results arrived at recontiv with 
e lines of the above substances in stars 
the definitions of the different groups or 
ven are based upon the map given 
minute inquiries on certain additional 
rhich was suggested as the work went 



:l present gone, the various most salient 
age of for grouping purposes are repre- 
the information being derived from the 
ing* and Mr. McClcan,f as well as from 
aphs. 



H»(U'4 Strtrt. 



Two stars in the constellf 
Aluitam (e Ononis). This 
maps as Ahnlam. Dr. Budge 
for me, which show the cban 
a transcriber's error, and that 
bolt of spheres or pearls." 



SUirn of in 

.hi.rndiiuj Series. 

P Crucis. 
f Tauri. 
Rigel. 
a Cvgni. 

[ ' 1 
Polaris. 

Aldebaran. 



* ABiro-fhtfX, ,Tour»., toI. t. p. 0 
t Spectra of' Southern S/ttr-s. 
+ The spectrum of this star con 

dark line;, the latter alone have to 

fiocUion, 



.AWilFI CATION OF STAKS. 



a'i 



atlon Argo (f Puppis and y Argus 

is a star in the belt of Orion shown on 
has been good enough to make inquiries 
of word to have been brought about by 
the meaning of the Arabic word is" a- 



tkriiw.liate Temperature, 

Desixw.Uixj Sefie> 

I Achernar. 

Algol. 
Markab. 

L ] 

Sirnis. 
Procyon. 
Arc-turns. 



1S97. 

nins bright lines, but when those ocelli- wiili 
be considered for purpose; of iliemu-a) t'laisi- 
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Sfars of hjv:ed Tanpervtt.hr. 
nJiinj Series. ]J(-xce>t<lin/} tyrier 



An tares, 01 le 
stars in l>rjner 
Class ilbv.* 



[Nebula;.] 



In order 
descending 
phot ograp lis 
temperatiu/e 
temperatures 
question are 



to make quite clear that both an ascending and a 
sjeries must he taken into account, T give herewith two 
showing the phenomena observed on both sides of the 
curve in reversing layers of stars of nearly equal mean 
as determined l>v the enhanced lines. The stars in 



]iite i si ties 



roc- von 



The main 
different i 
difference in 
lines in I' 
classification 
the Ivoyal So 
has shown 
— words upo:i 

As we 
strata from 
of different 
plex ; is it 
in a series of 
in presence 
as the 

the actual f; 
parallel lines 
ease of 

In the 
the typical 



organic 



me 
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of the brightest 
's Catalogue of 



19 Piscium, oneof the biightest 
urs in 
Class llli. 



stars in Doner's Catalogue of 



[Dark Stars.] 



Sirius (descending), t f ^ ^ s 
a Cygni (ascending), J s 

Proeyon (descending). \ ^ ^ 
y Cygni (ascending). J ^ 

differences to which I wish to draw attention are the very 
ities of the hydrogen lines in Sirius and x Cygni, and the 
he width and intensities of the proto-metallie and metallic 
and y Cygni. These differences, so significant from a 
point of view, were first indicated in a communication to 
?iety in ISiSTt, and the progress of the work on these lines 
.' important they are. I have based the group — or generie 
the following considerations, 
know beyond all question that a scries of geological 
most ancient to the most recent brings us in presence 
organic forms, of which the most recent are the most corn- 
possible that the many sharp changes of spectra observed 
stars from the highest temperature to the lowest, bring us 
a series of chemical forms which become more complex 
is reduced 1 If so, we are in the stars studying 
.cts relating to the workings of inorganic evolution on 
to those which have already been made available in the 
evolution, 1 shall discuss this matter later, 
■uitime, regarding the typieal stars as the equivalents of 
strata, such as the Cambrian, Silurian, &c, it is convenient 

* Sur Jen etot'/ena sp?ct 'res de la frohihue ciasse, 
t I'i'oe Uoy. Hoc., vul. xliii, p. 



Ik w 



HOW 

tue 



of 



temperature 
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Fig. 23. 
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the 



that the form of the words used to define tliem should 
both ; hence 1 suggest an adjectival form ending in inn. 
star is the brightest in a constellation, I use its Arabic 
the typical star is not the brightest, I use the name of 

The desideratum referred has to a certain extent 
choice of stars where many M - ere available. I have 
great obligations to Dr. Murray for help generously^ 
consideration of some of the questions thus raised 
follows : — ■ 



[chap 

he common to 
If the typical 
n&me as root ; if 
constellation, 
determined the 
;o express my 
ffbrded in the 
tabic runs as 



The 



Classification of Stars into Genera depending 
Chemistry and Temperature. 

IfighM temperature, simpled ehemvstry. 



Argonian . 
Aln itamian. 



Crucian. 
=i Tauriau. 

Eieelian. 
^ Cygnian. 



Aehernh; 
Algolian 
Alarkabii 



m. 



E Polarian. 
Aklebarian. 
Antarian. 



Sir i an. 
Procyoni 
Arcturiaji 
Tiscian 



The cheiricul definitions of the various groups or genera are as 
follows : — 

Definitions of Stellar Genera. 

Predominant, — Hydrogen and proto- hydrogen. 
Fainter.- — Helium, unknown (\4451, 4457), pioto-masiiesium, 
proto- calcium, asteriuw. 

Alnttantiait. 



Predominant. — Hydrogen, helium, proto- si lieiiim, 
(A. 46W2). 

Fainter. — Asterium, proto -hydro pen, proto -magnesium 
calcium, oxygeuj uitiogci), carton. 



I 



Crucian, 

Predominant ,— Hydrogen, lie- ' 
lium, asierinm, oxygen, nitrogen, 
carbon. 

Fainf.fr. — Proto -ma guesium, 
proto-ciUViimi, proto-silicium, un- 
known (a 46402), silifinm. 



Acliernian. 
Snme a* Crttcinu. 



UPON THEIR 



II. 



ill. 



ill no wn 
proto- 
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VII.] 



A CHEMICAL CLASSIFICATION OF STARS. 



Predominant. 
lium, proto- ma gr 

Fainter. — 
ciura, uitrogeu, 
prolo-iron, proto 



Tattfiaa. 

Hydrogen, hc- 
esiuin. astecium. 
Prol|o-caleiuin, aili- 
c urban, oxygon, 
titanium. 



R 

Predominant 
calcium, proto- 



igslian. 

Hydrogen, prof o- 
m ngnesium, heliuui, 



'■a ' 



silicium. 

Fainter. — Ast^rium 
nitrogen, carbon 



Predominant. 
calcium, proto 
iron, silicium 
proto -cupper 

Fa inter. — 
yanadiuni, prot 
strontium, iron 



Hydrogen, proto- 
itaa gne ai um , proto- 
proto-lllaniuni, 
p rit o - c h rum i ura , 
P ro|to -n i et el , proto- 
■in an gun esc, proto - 
arc). 



l%r 



pr')t 



tan. 

— Proto-caleium, 
hydrogen, proto- 
o-iron, and arc 
iron, and manga- 



a 

Q 
"5 

Po 

Predominant 
proto- titanium, 
magn esiuui 
lines of calcium. 
uese 

Fain ter. — r I'h 
and metals 
geii 

A Ideba *iau 

Predom inant. — P r<Ho 
lines of iron, cal 
proto -strontium, hydi'ogen. 

Fainter. — Proto irt n and pro to- tita- 
nium. 

A.ntar 

Predominant. — Fk 
neae. 

Fainter. — A re litnj^ 
meats. 



I 1 



71 



proto -iron, 
proto-titanium. 



o t k cr p roto-m et »1 s 
ring in the Sirian 



-calcium, arc 
and manganese, 



tings of nianga- 
of metallic elc- 



Algolian. 

Predominant . — Hydrogen, p rot O- 
magneaiuiu, proto-calcium, helium, 
siliei urn. 

Fainter. — Proto-irou, asieriuni, 
carbon, proto- tit aninm, proto-cop- 
per, proto-mangatiese, proto-nickel. 

Markabian. 

I'redomitiant. — H yd rogeu , p ro t o- 
ealclum, proto-magnesium, sili- 
cium. 

Fainter. — Proto-irou, helium, 
asterium, proto-titanium, proto- 
coppei*, proto -manganese, proto- 
nickel, proto -chromium. 



A ret u rian. 
Same aa Aldcbariau. 



birian. 

Predominant, — Hydrogen, proto- 
calcium, proto -magnesium, proto - 
iron, silicium. 

Fiinler. — The lines of the other 
proto- nieta Is and the arc Hues of 
iron, calcium^ and manganese. 

Procyoniaiu 
Same aa Polflriau. 



Piscian. 

Predominant.— Fluting* of carbon. 
Fainter, — Arc linea of metallic ele- 
ments. 
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INOKUAXK EVOLUTION. 



11CW 



AVe may take for granted that as time goes on 
genera will have to be established; the proposed classification 



itself conveniently to this, as there are do numerical 
disturbed. 

A still more general chemical classification is the fol 
understood that in it only the most predominant ehenrcal 
considered, and that there is no sharp line of separation 
larger groivps. The peculiar position of calcium and 
this caveat the more necessary. 



owing, it being 
al features arc 
between these 
magnesium renders 



vraseons stars 



CLASSIFICATION OF STAKS. 

Highest temperature. 

f Proto-hydrogen stars . .. I *^^ on ' . 
J * I Alnitailiian 

Cleveite-£;as stars «f ^ lue ' an ' 
l launan. 



Proto-metallic stars 



"Rigelian. 
Cygniaii. 



Metallic stars J Polaj-ian. 

L Aldebarian. 
Stars with tinted spectra Antarian. 

Lowest temperature. 



The detailed chemical facts to be gathered from the 
the several genera indicate many important difference; 
order of appearance of the chemical substances in 
stars and that suggested by the hypothetical "periodic 
refer to this point later on. 



[CHA]' VI L 



• intermediate 
lends 
relations to be 



Aehcniian. 
Algolian. 
? larkabian. 

!~irian. 
Procyonian. 
Aretnrian. 
Piscian. 



definitions of 
between the 
the atmospheres of the 
law." I shall 
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BOOK III. — THE DISSOCIATION HYPOTHESIS 



Chapter VIII.- Kecext Opinion. 



When stating in Chapter II some of the difficulties 
the early workers in spectrum analysis who found i 
reconcile the facts which the new method of work wa 
with the then received chemical view, T pointed out 
liS73 1 had suggested that many of our difficulties woi 
were conceded that the " atoms " of the chemist were 
dissociated, into liner forms by the high tempcrat 
employed in the new method of investigation. 

The year 1S73 was 27 years ago; I propose, therjsf 
refer, as judicially as I can, to the recent state of 
subject, or rather on some of the main points of it. 

Only some of the views I had brought forward fi 
have received general acceptance, those include the bre 
solid metal giving (from whatever cause) a continuous 
smaller molecular groupings giving fluted and line specti 

My view as to the subsequent dissociation of moleclu 
the line spectrum stage lias been reached, was still rej 
For myself, I am not surprised at this. In a questi 
scendental importance, caution must be redoubled ; 
work and expression of opinion in such a line of inquiry 
of pure science only involved, is almost inherent to tl 
investigations. The chemist has little interest in an a 
phenomena, and astronomers do not generally concern 
chemistry. The region investigated by the chemist 
perature region dominated by monatomic and polyi 
The region I have chiefly investigated is a high tempci 
which mercury gives us the same phenomena as 
shoit, the changes with which spectrum analysis has 
at a far higher temperature level than that employ 
chemical work, and hence probably it is that I can 
chemical experiment bearing on the subject. 

It is important, however, to point out that in cas 
regions overlap, vapour density detei urinations and o 
been in harmony with the spectroscopic results, e.<, 



icountered by 
t impossible to 
s accumulating 
that as early as 
Id vanish if it 
broken up, or 
necessarilv 



10 



on 



SC:i 



Ure 

ore, to briefly 
Opinion on this 

dim time to time 
king up of the 
spectrum into 
a, 

es, when once 
ctcd by many, 
l of such tran- 
an absence of 
r with questions 
c nature of the 
eal to celestial 
hemselves with 
is a low tem- 
: molecules, 
iture region, in 
ganese. In 
no do take place 
ed in ordinary 
lv refer to one 



FP 



'atomic 



man 



where the two 
Tier work have 
the changed 
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I X ORGANIC EVOl AT ION. 



[CHAP. 



density of iodine at changed temperat 
spectrum. 

The specific gravity of iodine vapour 
Troost to lie 8-72 (air = 1), which corres 
proving that the molecule or two vol 
126-53 x 2 = 25:3-06. "\YTien iodine vapour 
gravity begins to diminish until at higl: 
constant, and is half that at 700", the 
atoms.* 

Another, but less direct, argument 
independently of the changes m the 
upon some observations I had made in 
spectroscopic method for the detection 
presence of what 1 termed " basic lines,' 
remained common to two or more spect 
been eliminated as being due to impurities. 

I now refer to these different points aeri/'titu. 



uies and with a change in 



was found by Deville and 
ponds to the density 125*9, 
nines of iodine gas weighs 
is heated to 700" its specific- 
temperatures it becomes 
vapour consisting of free 



m tens .tie 



of 



in favour of dissociation, 
s of the lines, was based 
ui attempt to work out a 
impurities. I noted the 
that is, short hues which 
ra, after "long lines" had 



Fluthif/s represent I'ihmtioHS of C'< 

I take the change of the continuous 
tUnings and lines first, and in justificati 



this matter my view is now generally acce 



diffc 



to 



quotations from Schuster and Eder and Ya 

" That the discontinuous spectra of 
spectra) are due to different molecular c 
pretty well established, and analogy has 
before me) to explain the continuous specjtra 
the change of the continuous spectrum 
takes place in exactly the same way as 
different orders into each other. "t 

"Spator fiihrte Lockyer weiter aus, 
Molekiile aus mehreren Atcmen zerfa 
mussen. Diese Anschauung wurde seithclr 
tirt."t 

The question of flutings was early c 
exceptions were made, carbon furnishes one 
Messrs. Liveing and Dewar in 1879g 



con :- 



* Vict. Ifever, Ber. Deutsch. Chem. Ges. r vol. 
and Crafts, Compi. Kent!., \o\. xc, p. GOO; tol, so 

+ Schuster, Phil. Trans., 1S79, Part I, vol. ch 

* Eder ami Valenta, iJenkschriften der 
xchnftew, Wien, vol. ki, p. 42(5, 1594. 

S Pro \ Ri>i\ $or., vol. iss, r. o'M. 



0 1 



'wapie.c M»teai!e,<. 

spectrum successively into 
of the statement that hi 
pted, I give the following 
enta : — 

rent orders (line and band 
dmbination I consider to be 
led me (and Mr. Lockyer 
by the same cause ; for 
the line or band spectrum 
the change of spectra of 



ca: 



ss die Gase, solange ihre 
len, Linienspectren geben 
zicmlich allgemein acc-ep- 



eded generally, but special 
instance. 

objected to my hypothesis, 



siii, pp. Wi, 1010, 1103; ileier 

p. 39. 
is., p. 39. 

kaderliclen Akadtmie der Wi&stn~ 
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VIII.] I 'EC EXT (U'lNfOX. 



I 3 



that the sets of carbon tiutings in the green represent molecular 
groupings of that substance other than that (or those) which gives us the 
line spectrum, as gratuitous. I showed that the flutings, which Messrs. 
Livcing and I>ewar ascribed to a hydrocarbon, were present in ihc 
spectrum of tetrachloride of eat lion which gave no trace of hydrogen. 
This experiment at first gave them no reason to modify their con- 
clusion, but later they repeated and endorsed it, and finally admitted 
that "the spectrum of the fiame of hydrocarbons is not necessarily 
connected with the presence of hydrogen,"* and so far as I can under- 
stand their paper they seem to accept the idea of different molecular 
groupings, which they began by characterising as "gratuitous." 



Tke (Joinpleniij of the. Line Spedrum. 

"With regard to the view that the line spectrum integrates for us 
the vibrations of several sets of molecules, as I have already stated 
this was not accepted. The number of objections is legion, and it is 
impossible to refer to all of them here. But, at the same time, the 
opinion of some of those workers who have approached the subject 
from both points of view was, I think, coming round to my side, and I 
shall briefly refer to one or two instances. 

Attention has recently been drawn to the variations in the appear 
auce of the magnesium lines in the celestial bodies by Dr. Schemer, of 
the Potsdam Observatory, who is not apparently acquainted with my 
work of 1879 ; he, however, accepts the idea that the variations f urn: sh 
us with a precise indication of stellar temperature,! and he is mm 
employing it in the work of the observatory.^ 

* Proc. Roy. Soc, vol. xniv, p. -123. 

t Astronomical Spectroscope, Frost's Translation, p. viii. 

X Dr. Scheiner points out that in the spectra of nearly all stars of Class la 
(Group IV) the line at 44S1 " generally appears as a broad line — in some spectra 
as strong as the hydrogen lines — but its intensity decreases just in proportion as 
the number of lines in the stellar spectrum increases, so that it is hardly of he 
average intensity in the solar spectrum, or other spectra of type Ha, and ho 
author is unable to detect it in the spectrum of ct Orionis." My prior work, datlu« 
fvotn 1879, being probably unknown to Dr. Scheiner, Messrs. Liveing and Dei 
are credited with the discovery of the peculiar behaviour of this line in laborat. 
experiments, and it is added that " the dependence of the line upon the temperature 
thus readily suggests that the temperature of the absorbing vapour,* upon the stirs 
of Class Ilia (Group II) is something like that ol the electric arc, while that 
the stars of Class Ila is higher, and that of stars of Class la is at least as high 
the temperature of the high-tension spark from a Leyden jar. This view receires 
striking confirmation in the precisely opposite behaviour of the magnesium line at 



A435218. First becoming visible in the spectra of type la (Group IV) , wh idi 



have numerous Hues, it is string in the spectra of type Ila (Groups III aud 



and increases so as to be one of the strongest lines a; we pass towards type I la 



of 
as 
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Profess 
recently ai 
mercury :- 

" Fern 
blitzens 
der heli 
Flaschcnftii 
ders das 
nicht oclei 
von einfa( 
fie r Dissoc 
Zerlegbarke 



(lis 
ogr 



pec trui 
and 



o] les 



[Translate 

lineu s 
heated, 
lines whiel|i 
double 
Lockyer's 
tv bring i 
chemical e 

I am g 
Crookesj 

" I'nti 
views, we 
provisions 
by referen 

I am 
colleague, 
have iiios 

" Mr. 



in 



(Group II). 
same peeuli 
able, in tlie 

My mos 
mafrnesiuni '. 
in the hotter 
line of mag 
was therefore 
discovery of 
line in the 

# 



Denksih 



p. 429, 1804 
+ Chem. 



inok<;amc evolution. 



[('HAf. 



ors Edcr and Valenta thus state the conclusions they have 
ived at in their study of the changes in the spectrum of 



r ist die Erscheinung der ziemlieh unvermittelten A tif- 
fs liiiien-reiehsteii Spectrum s (siehe die Aljbildung. Fig. f% 
aphirten Tafel) hei hoehgradig gesteigerLer Starke des 
kens mid gleichzeitigem Erhitzen der Capillare, hesou- 
Anftanchen zahlreicher neucr Hauptlmien, welche frithe:- 
kanm sichtbar waren, nnd mancher Doppellmien an Stelle 
hen Linien. eine derartigc, class sie zn Lockyer's Theorie 
ition der Eleraente passen wiirdc, wenn man iiberliaupt die 
it lingerer Elemente in die Discussion ziehen will.' * 



'er the appearance of the great brilliancy of the richly 
ii with a high tension jar spark, the capillary being 
especially the interchange of a great number of new 
were dim before, and also the change of single lines into 
these are such that would harmonise well with 
theory of dissociation of the elements, if one is prepared 
ito the discussion the possibility of the dissociation of the 
ements."] 

;lad to be able to quote the following opinion of Sir William 
to which I attach great weight 
some fact is shown to be inireconeilable with Mr. Lockyer's 
consider ourselves perfectly justified in giving them our 
adhesion, as a working hypothesis to be constantly tested 
c to observed phenomena." 
anxious to refer here also to the opinion expressed by my 
Professor Sir William Huberts- Austen, whose researches 

been carried on at high temperatures : — 
Lockyer has, however, since done far more : he has shown 



Soiv, as was found bv Lireing and Devrar, tins line exhibits ju>t the 
unties in the laboratory ; in the spark spectrum it is hardly reeognis- 
arc tptctiniu it. is very strong." 

; recent vrork suggests flint Dr. Schemer is wrong in identifying the 
ine 4352-18 in the fooler stars with the line nearly in the same position 
tars. In the hot stars the line behaves almost exactly lite the enhanced 
icsium 4481'3, and I havr previously pointed oat that the stellar line 
possibly not due to cool magnesium. This is noiv justified hj the 
an important enhanced line of iron at -1331*93, which accounts for the 
stars, and really strengthens Dr. Ssheiner's argument. 
rijlen dei' kaiserlichen Akademie der fl'it/sertscioften, VTien, vol. Isi, 



hot 



Atic*. lh7P, vol. xixix, p. Co. 
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VIII.] RECENT Ol'IXION. 77 

that the intense heat of the sun carries the process of molecular 
simplification much farther ; aud, if ive compare the complicated 
spectra of the vapours of metals produced by the highest tempera- 
tures available here with the very simple spectra of the same metals 
as they exist in the hottest part of the sun's atmosphere, it is diffi- 
cult to resist the conclusion that the atom of the chemist has itself 
been changed. My own belief is that these 'atoms' are changed, 
and that iron, as it exists in the sun, is not the vapour of iron as we 
know it upon earth."* 

The Basic Lines, 

With regard to the basic line part of the inquiry, I think I shall 
not be going too far in saying that it has been universally rejected, 
and chiefly on the ground that some lines which appeared coincident 
at the dispersion I employed appeared double with higher disper- 
sions. I have pointed out in the Chemistry of the Sua (p. 377) 
that this is not a sufficient answer, but I have left aside this branch 
of the inquiry for some years in the hope that some chemist would 
take up the question of spectroscopic impurities out of which it grew. 
But it is evident that this basic line point of view, even though it 
bs considered a less direct attack on the problem than others since 
1 icsjnii, assumes a much more important and definite position in the light 
of the new work. I will not go into this question at length now, but 
will content, myself here by asking whether one actual demonstration 
of dissociation will not take a form very like that which the chemist 
has taken to be a proof of the existence of iiu purities. 
I shall return to this later on. 

Oilier Physical lietmrchcs tunc in proijirss. 

So much for opinion a year or two ago. In subsequent chapters ]. 
shall refer to other attacks upon the problem of dissociation, which to 
my mind and to many of the objectors sets the matter on a much 
firmer basis by accumulating facts, not only with regard t > the stars, 
but in other fields of inquiry in which the idea of dissociation has to 
be appealed to in order to explain the phenomena. 

* Proc. Eoi/. Lrt., vol. xiii, p. 500. 1SH2. 
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Chapter IX.- — The Stellar Evioknce. 



cli 



I next proceed to consider 
necessary to enable me to 
tinuously solar phenomena ye; 
stellar chemistry, are weakened 
enormous new field of invest^ 
work, "by which we have finally 
long series, the complete studj 7 
ings of the celestial evolution 
know them. 

The great increase of our 
study of stars arises from the 
continuous series of spectral 
than the sun affords us. 

One of the minor advantages, 
as our base, see what would ht 
Let us consider this point first. 

In approaching this part of 
with great caution, since the 
work has consisted in ohservi 
work puts us in presence of 
absorption in the case of each 

The facts with regard to the 
have already been detailed, 
photographs secured during the 

Having these unimpeachable 
found that the absorption ind 
caused by the chromosphere, an<[l 
lies above the chromosphere, 
sphere we find enhanced lines 
chiefly arc lines. What must ht 
hotter ? 



whether the views which I found 
gtoup together harmoniously and con- 
;.rs ago when nothing was known of 
or strengthened by the study of the 
opened out by the recent stellar 
sun taking its place as one term in a 
A which enables us to watch the work- 
which has built up the heavens as we 



Kition 



the ; 



knowledge we have gained from the 
fact that they have revealed to us a 
anges at temperatures much higher 

of this is, that we can, taking the sun 
ipuen if the sun were to become hotter. 



air 



It is only possible to consider 
temperature on two hypotheses 
chemical elements are indestnict 

On the first hypothesis it is 
place which would alter the ch 



thin 

n ~ 
th 

bodj 



the subject, it is necessary to proceed 
gs observed are different. The solar 
different parts of the sun, the star 
e total effects both of radiation and 
observed. 

lower portions of the solar atmosphere 
They have been gathered from the 
eclipse of 1398. 

series of facts to go upon, we have 
a ted by the Fraunhofer lines is not 
that the most valid absorbing laver 
r e have also seen that in the chromo- 
long the Fraunhofer lines, which are 
a[ppen then if the sun is supposed to u;et 



the results produced by a higher 
The first, the usual one, that the 
ible; the second, that they are not. 
difficult to say what change could take 
aiacteristics of the Fraunhofer spectrum 
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We have a complex mixture of the vapours of metallic 
gases with paramount calcium, hydrogen, and the 
Temperature cannot therefore vary the relative inten- 
lines. H and K, the chief lines of calcium, must always 
cminant, iron must remain because it cannot be destroyed, 
quantity of hydrogen and the cleveite gases present 
reased, their lines cannot therefore become more impor- 
ted rum. 

clear that any change of relative density on the usual 
(jannot be brought about by an increase of temperature; 
ot alter, it cannot change the relative proportions of 
present in any layer, and therefore the relative 
the lines which indicate the existence of the various 
the different layers. 

eturn to the other hypothesis, that, namely of dissociation, 
, in the light of laboratory experiments, that with every 
increase of temperature in all such masses of vapour and 
which now constitute the solar chromosphere and revers- 
fundamental change in the appearance of the spectrum 
it about; complex molecules would be broken up into 
and the result of this action would bring new lines into 
indicating the vibration of the molecules produced, 
come to facts. Were the temperature of the reversing 
icreased, if dissociation takes place at this temperature, the 
products must become visible, and we must look for them 
lines whieh expand at the expense of those which contract 
r. Is any such experiment as this going on even at this 
The answer is beyond ejuestion. 

er, hotter chromosphere differs from the reversing layer 
this change has taken place. As I have said before, 
descending the sun's atmosphere from the are lines in the 
,-er to the enhanced Hues in the chromosphere, from the arc 
the "test spectrum," from the metals to the proto 



>ecause 



uhl only be pointed out with regard to only a line or two 
can now be proved for a whole set of lines, and the dis- 
"■ument is seen to be vastly strengthened the more it is 



us see where the stellar evidence helps us ; here I shall 
„ main outlines merely. If in the sun the chromosphere is 
the reversing layer in a star slightly hotter than the sun, 
^ laver which builds up the stars' absorption should 
chromosphere. 
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I have already stated the facts with regard to «. Cygni. Xow let 
Look at them in the light of the dissociation hypothesis. 
The evidence is complete that the temperature in the reversing 
'er of a Cygni is higher than that of the reversing layer of the sun. 
hat do we find 1 Of lines disappearing we have are lines of iron, 
>me thousands in number, calcium, magnesium, strontium, and so on. 
lines increasing in importance we have the small number repre- 
senting the enhanced lines of iron, the lines of hydrogen, and some 
others which we cannot at present associate with the name of any 
i own substance. Here, then, we get a scries of phenomena which, 
the hypothesis we are discussing, is simply and sufficiently ex- 
plained by the statement that on passing from the temperature of the 
sun to that of a Cygni, among changes brought about the complicated 
line spectrum of iron is giving way to a more simple one consisting of the 
hanced lines. Further inquiries show that the other metallic spectra 
c behaving in the same way. Looking for the lines which increase in 
importance, while the others are reduced, we find the lines of hydrogen. 
So far then up the scale of temperature the solar and stellar record 
the same ; the star at the next stage of heat above the sun has its 
reversing layer as hot as the sun's chromosphere, and the same " test 
jcctrnin " as we have seen fits both. I hold that dissociation simply 
and sufficiently explains this all-important fact. 

But this is as far as the sun can take us. The stars, however, con- 
tinue the story. 

If we consider another change higher up in the scale of temperature, 
taking as the lower level a Cygni, at which we have arrived, «*e have 
independent evidence that the so-called Orion stars are hotter than 
mch a star as a Cygni. 

On proceeding to study the higher dissociating temperature at 
ork in the Orion stars, fill the statements made with reference to 
e changes likely to occur ' in the spectrum on the non-dissociation 
-pothesis, strictly apply. We cannot expect any change in the rehi- 
re intensity of the lines and the appearance of the spectrum cannot 
h|* fundamentally altered. 

On the dissociation hypothesis, on the other hand, if we find cer- 
.in lines indicating certain substances disappearing, and other lines 
dicating other substances making their appearance for the first time 
(or if they were visible before, becoming much intensified), we shall 
hire an opportunity of studying the effects of the new dissociating 
forces at work. 

A'nw is there any change ' The facts are that this increase of tem- 
perature we are now considering is accompanied by the gradual extinc- 
iin nf the enhanced lines, an increase in the amount of hydrogen 
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lines of the cleveite gases, oxygen, nitrogen, and 
>ear for the first time. 

this with the former result, we get as distinct evidence 
of the gas lines in the spectrum accompanies the disap- 
enhanced lines, as that an increased development of the 
accompanies the decrease of the arc lines. 

as an example, for the sake of simplicity ; it will be 
actual stellar phenomena might have been predicted up 
, from a consideration of laboratory and solar phe- 
the stars carry us further than our predictions; we see 
crease of hydrogen and cleveite gases. The facts 
■is temperature increases hydrogen increases, and,, 
the cleveite gases not obvious before, finally replaces 
disappeared. 

: of the great stellar revelations, and it must be re- 
we have now hundreds of photographs which we can 
to study the gradual change. There are no " breaks in 
if the most wonderful things about this line of work to 
simplicity, coupled with continuity, of the phenomena, 
iction with it. 

leu to face the fact that on the dissociation hypothesis, 
hich exist at the temperature of the arc are broken up 
, which I have termed proto-mctals, at the fourth stage 
the high tension spark) which gives us the enhanced 
the proto-metals are themselves broken up at some tern- 
we cannot reach in our laboratories into other simpler 
the cleveite gases, oxygen, nitrogen and carbon being 



of 



st orv 



end here % No, there is a still higher stage : after 
es have disappeared as the arc lines and enhanced lines 
er stages ; the new form of hydrogen to which I have 
attention and which we may think of ay "proto 
kes its appearance. But there are already evidences 
is not the end of the simplifications brought about by 
tal stellar temperatures we are now discussing, 
avs be remembered that the Spottiswoodc coil (giving a 
with a tremendous battery of condensers only carries 
by which 1 mean that using this coil we obtain the 
of the proto-metals of very nearly the same relative 
rose under which they appear in that star. 
; then we have a few distinct changes of spectra : these- 
aw independently by the increase in the length of the- 
ds the ultra-violet accompany stages of increased tem- 

u 
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perature. It is most natural to suppose that th 
peratures produce increasing simplifications. 

Dealing, then, with the changes which we can i 
bodies from the temperature of the aim upwards, w 
spectral changes on which the new chemical cl 
VII) has been based. 

Now if dissociation is not the cause of these ch 
to look for one equally simple and sufficient % 

It is quite clear that the phenomena to be 
increase of temperature, that is in a series of 
gradually extending more and more into the u 
vastly different if the elements are dissociated 
be if the elements remained unchanged. 

The only change which we can imagine on the 
resulting from the increase of temperature, is 
in volume there will be a reduction in density, and 
equally enfeebled. But this is exactly what does 

It may be said that in consequence of a more 
in the hottest stars the hydrogen and elevcite 
reason or other, escape from among the metallic v 
upper special atmosphere of their own, in which, 
greater chemical simplicity, the lines of these snl 
more important. But this? argument is not phi 
have no light to assume such a change. These ^ 
the snn and give us no traces of their existence 
above the chromosphere ; the gas that does cxh 
regions is one about which we know nothing, so f 
of which no trace has yet been found in the spectrum 

I hold, then, that the stars more than justify 
of continuity ; their verdict is that, as in all 
I'icnce, a higher temperature brings about simpli 
strange that as our horizon is expanded by new 
same laws in operation. Wc have, in fact, in th 
work of dissociation carried on before our eyes in 
a point not reached anywhere else, and the stars 
is possibly -beyond our laboratory possibilities, for 
ture I have employed only carries us to the heat 
which star the cleveite gases, if visible, give only v- 
are thus brought finally face to face with the fac 
pound into the ultimate formation of which hy 
gases, or both, may possibly enter. 
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Chapter X.— The "Series" Evidence. 



Iidrotlurtion. 

I defined the meaning of the term "Series" on p. 10, and pointed 
out how one of the important discoveries in recent years enables is 
to study spectra from a new point of view. I propose in the prese it 
chapter to deal with this subject in its most general aspect, and ;o 
inquire whether this new method of inquiry helps us with any sug- 
gestions or facts which may be utilized in the discussion of the disso- 
ciation hypothesis : in other words, whether the new evidence afforded by 
series, like the new evidence accumulated by the study of stellar spectr 
strengthens the view that the line spectra of the so-called chemist 
elements are produced not by one but by more than one vibratii 
particle. 

To explain what is meant by "series," it is well to begin by 
studying what are termed fluted spectra. I have already referred |o 
these and given photographs on p, 10; these flutings are perfect 
rhythmic from end to end. The whole of a fluting may be regarded 
as a unit : it is generally strongest towards the right or the red end of 
the spectrum, its elements gradually becoming dimmer as we approac 
the violet end. It is well seen in the accompanying untouched photo 
graph of some of the Minings in the spectrum of nitrogen (Fig. 30). 

But a fluting is generally more than this ; it is built up of sul 
sidiary flutings. Each of the subdivisions of it is in itself an almo 
exact reprcsentatation in the small of what the whole thing is in the 
great; so that we have the conceptions of a simple fluting and i 
compound fluting. The compound flutings are well represented i i 
the flutings of carbon and magnesium (w Figs, 9 and 10). In a 
cases we get exquisite rhythm, though in some cases it is apparentl 
overlaid by other lines, and generally the system is intensified toward 
the red end of the spectrum. 

Now when we leave these flutings and study an ordinary lin 
spectrum, in a great many cases all rhythm seems to have disappeare< 
There is apparently no law and no order. I have already in Fig. 1 
given the series observed in the spectra of the cleveite gases. Let 
us go into this a little closer and compare these " series " with th 
spectrum as ordinarily observed. Let us take the lines seen when wo 
expose the gas obtained from the mineral cleveite to the action of a 

(; -2 
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strong electric current. We observe no rhyth 
he a very irregular distribution (Fig. 31). 

I may here state that it has always been i 
reproducing spectra in the form of illustrations 
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of the spectrum on the right hand side and 
left. As most of the workers on 4i series " do 
that they have to deal with the ■mimhers of wa 
Jenf/ih, I propose in this chapter to depart from 
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series spectra on the left, so that all the series 
comparable inlei' sc. 

d Paschen have shown conclusively that when we 
Hues out into series, there is just the same 
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we find in flirtings. Fig. 32 shows how they 
solved into two sets of three series which gradually 
towards the violet and stronger towards the 
line spectrum when analyzed in this way, is 
(Underfill order. 1 suggested many years ago that 



©2010 Forgotten Books 



www. forgottenb ooks.org 



so 



IXORKAXIC KVOJ.UTIOX , 



the triplets in the ordinary lino spectrum of a 
be remnants of compound Anting!?, and such iiuju 
seem to justify that suggestion. 

\Ye arrive at the fact that the term " series; 
lines. It is impossible to suppose that these 
series of lines are not related in some way to 
heiug so we have to study their wave-lengths, tf 
in the case of any one element to find out and de|f: 
and not only so, but to see if any relation exist 
different elements. 

A Short llutonj. 

The history of this quite modern inquiry i 
short as it is T only propose to refer to it in 
manner. 

The first attempt to discover relationships 
spectra was made by Lecoq de Boisbaudran,* 
spectrum of nitrogen. The conclusions he a 
that the luminiferous vibrations of the molecules: 
with the laws of sound, but as these were not 
determinations of sufficient' accuracy, and also w 
Tbalen, no great weight could be attached to the 

Stoney,f who followed up these investigs 
fnl ; he showed that the hydrogen lines C, F, 
by the relationship 20 : 27 : 3i>, 

Several other workers — Reynolds, Soret, 
but it was left for the more thorough work of Sch 
theory could no longer be considered as expressin 
the mutual relationships between the wave 
spectrum. 

Liveing and De\var§ next called attention 
distance between two consecutive lines of these 
with diminishing wave-lengths, so that eventually 
cally approach a limit. "Harmonic" was the 
express such a series of similar groups of lines. 

It was, however, the work of Balmer which 
mpetus by which it has of late years made great 

Balmerj published a formula by which the 
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* Complex rendux (ttiti9), vol. Ixii, p. 694. 
t Phil. Mag. (1871), [1], rot. xli, p. 201. 

X Srit. Assoc. Report, 1880; Proc. Roy. Hoc. (18tfl), toI. Xixi, p. 337. 
§ Phil. Tranx. (1883), p. 213, and previously. 
'J Wied. Ami. (18S3), vol, iir, p. S, 
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the briefest possible 
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result. 

atiojrs, was more snccess- 
a|nd A were connected 

took the subject up, 
uiterj to show that this 
g the law connecting 
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;o the fact that the 
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gen lines could lie calculated 
is as follows : — 



series" evidenve. f*7 
ith wonderful accuracy. The formula 



in which A is the wave-length 
constant common for all the 
from 3 to 15. 

The constant A, aecordh 
Angstrom units, or, using Aniefs 
units. 

Simultaneously with Eal 
the lines of aluminium and thi 
a definite relation to those o 
landrest published a formula fi 
lengths of the lines composing 

The above brief history 
which Kayser and .Rungej beg: 
dealing with a great number o 
that liydbcrg-j commenced to 



n vacuo of the line to be calculated, A 
ines, and u one of the series of numbers 

I to Cornu's measurements, is tJ64j - 4Li 
,' more correct value, ^C47'20 Angstrom 

nUer's discovery, Cornu* pointed out that 
illiuiu, which are readily reversible, bear 
' hydrogen, while at a later date Dcs- 
om which could be calculated the wave- 
the bands of numerous elements, 
ings us down to the year 1887, in 
h,i\ their series of minute investigations 
f elements. It was also about this time 
ike up the subject. 



br 



any 



The, work of Ku 

I will state generally the 
tended. They have attack 
different standpoints. In th 
formula employed by Kaysei 
Kydherg. 

The formula; are not by 
wave-frequency, that is to sa 
of length. Both Kayser an> 
signs to represent the sneees 
define certain of their terms, 
constants which are calculated 
consideration from this point 
there was one constant which 
series of lines in the spectra o 
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* Complex rendttx (1S8j), vol. c, 

t Tlid. (18SG), toI. p. 375; 

% "Ueber A\n Spectrin der K 
18SS, 1889, 1800, 1891, 1S92, 1393. 

§ Sveiisl'a J'ttenskat. Akad. He 
Wted. Aimalea (1SD3), toI. 1, p. 62' 



A- 



i/xer, Ilt'Mjf tutd ]{tjdbe.rrj. 

ground over which their work has ex- 
d the question mathematically from 
e following table (p. 88) I give the 
and Runge, and that employed by 



means identical, but both deal with 
r , the number of waves in a given unit 
I ilunge, and Kydberg employ certain 
re integers which have to be used to 
and in addition to this we get certain 
for each series. The most interesting 
of view is that liydberg found rlmt 
be could use in order to search for the 
; all the chemical elements with which 



p. 11SL. 

(I8S7J, vol. civ, p. 972. 

leinf nte," AWtaiidltingen d. AT, Akad. Jierli>i y 

ndliityar, Stockholm (1S00), to!, xsiii. Xo. 11 - r 
i; (1894), vol. lii, p. 110. 
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[( ka r. 



Kavser and Rumc. 



Rvdber" 



- = A 



4- Bit" 1 + Cm-" 



-tvhere 



{or 



where 



\ = ws.ve-length 



- = niiTe frequency) 



1 

\ 

ii = 3, 



4,5, . . 

A, B, 0 = co n staii ts calculated far 
each series. 



The constants 
tire different f 
■subordinate seri 

For sub -strict; 
■constant A is nt 
scries of all eleven 
not vary by 
This constant 3 corresponds to Eyd 
berg's >V 



for the principal series 
•cm those used in the 

of every element the 
arly identical. For all 
the constant B does 
e than 22 per cent . 



n = wave frequency 
m = 1, 2, 3, . . . 
>\, = 10972r6 (a. constant ap- 
plicable to all series 
of every element) 
n ii _ J characteristic constants 
t 1 I varying lvilli each series. 
In the above formula, lvhen m = , 
n = i! 0 ; or « 0 is tlie limit which the 
number of waves n approaches when m 
\% infinite. 

The value of N„ is assumed hy Eyd- 
berg to be constant, as it varies only 
slightly, and this variation may be due 
to uncertain data. 



lie worked. 
Kayser and 
little from 
the first term 
length of the 
case of the <J 
lations by th< 
seemed to be 
.series must 
music. It 
that the 
;wave. Bo til 
by Kayser 
■we may he a 
ment of the 
beautiful re 
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employed by 
the annexed 



Jiu 
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There was no common constant similar to this used by 
ige, but they found that some of their constants varied 
nt to clement. In that way they not only obtained 
of a series, but the whole series throughout the entire 
spectrum, and where observations bad been made in the 
ifferent elements they could of course cheek their ealcn- 
aetnal observations so made, and see how the theory 
justified as the work was extended. The first line in a 
considered to be comparable to a fundamental note in 
csents really the longest light wave in the same way 
amental note in music represents the longest sound 
series of results, obtained in the way I have described 
J lunge and by Rydbcrg, show ns that, in man}' eases, 
most certain to obtain from the higgledy-piggledy arrange 
lines in the spectrum of any one substance two or three 
:gular series like those already shown in the case of 
gases. There is a little difference in the nomenclature 
the investigators to whom I have referred, as shown in 
table. 



he- 
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Serifs Xomenchtture. 


Intensity. 


Kayser and Runge. 


Eydberg, 


Strongest 

Weaker 

Weakest 


, . Principal series . . 
.. 1st subordinate series 
.. 2nd subordinate series . 


Principal series. 
Nebulous series. 
Sharp series. 





The strongest lines which they observed at the temperatures they 
worked with, they put into whfit they (.'all a "principal series," and 
then the weaker lines were distributed among other two series. 
Kayser and Ihmge called them the " first- " and " second -suhordi n ate " 
series; Rydberg calls them the " nebulous-series " and the "sharp- 
series." The lines of the principal series almost ill ways reverse 
themselves very easily indeed— that is to say, that the absorption is 
indicated by them more readily than it is by the other lines. When 
we come to the second subordinate or sharp series, it is found that 
these sometimes broaden out towards the red end of the spectrum. 

This work, of course, has required considerable investigation : 
the first attempts were not quite satisfactory, hecause the observations 
on which they were based bad not been of sufficient accuracy, "ttith 
greater dispersion it has been found that some of the lines which were 
supposed at first to be single are really double ; so that it is quite usual 
now when we consider this question of series to suppose that in some 
cases the series are composed of single lines, in other cases of doubles, 
and in other eases of triplets : and it was at first, indeed, imagined that 
in these differences we were face to face with a very important physical 
difference between the various elements, but Eydherg has suggested 
that possibly after all it may be a difference merely in the seeing. 

He says :* 

u The difference between the doubles and triplets is only relative. 
This opinion is confirmed by the fact that the triplets appear often 
in the form of doubles, the most refrangible component not having 
sufficient intensity to become visible. Further, the relative intensity 
of the components of the doubles seems equal to that of the two less 
refrangible components of the triplets. 

"For these reasons I have dared to propose the hypothesis that 
the two kinds of component rays are of the same order, or that, 
the doubles are only triplets of which the most refrangible com 
ponent is too feeble, to he seen, or has perhaps the absolute value 0:: 
zero. . . - 

* A'on. Sc. Tel. Ah. Hand., vol. xxiii, ii, p. 135. 
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are move difficult to see, and it the sub-series of 
towards either the red end or the blue end, then 
v to see one line than two, and more likely to see 



this suggestion made by Rydberg, it is interesting 
Kayser is not inclined to hold the same opinion 
upon triplets, doublets, or single lines of the -series as 
gs, whose other members are too weak to be seen, 
we have for the elements of the first vertical column 
uhle, doublets ; for the second column, triplets ; for 
.. As the first column contains monavalent elements, 
t ones, the third trivalent, it seems as if the elements 
■:ies had doublets, those with even valencies triplets, 
by the triplets of oxygen, sulphur, and selenium, 
che sixth column, with even valency. As in every 
dements, the first elements show the series strongest, 
Iter as the atomic weight increases (i.e., in the group 
.mrioi see the weaker second series for rubidium 
ic group copper, silver, gold we can find no series 
group of magnesium, calcium, strontium, barium, for 
ond series is already weak, for barium we cannot 
Wc should expect to find, according to Itydberg's 
spectra of every group first triplets, then doublets, 
But that is not so: so long as we find anything of 
bers are and remain triplets or doublets, 
a very small number of the chemical elements 
'le lines; in the principal series, so far, we only- 
id asterium ; in the subordinate series we only know 
number of double? is very much greater, but it is 
ation to the principal series as it is in the case 
series ; but although we have nine elements giving 
subordinate series, we have only three which give 
al series. These results are shown in the following 



I should indicate the basis of these statements, and 
give in Fig. 33 a very small part of the spectra of 
ments, in order that the way in which the work has 
followed. In the lower horizon we are dealing with 
in which the triplets have been picked out will be 
The triplet in each case has its central line nearer to 
triplet than the other. All the triplets in the zinc 
ectly symmetrical from that point of view. If we 
spectrum — that of calcium — we fird also that the 
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JMisjile lines. 



Principal 
series. 



Helium 
Asterinm 



Subordinate 
serie?. 



Double;. Triplets. 



Principal Subordinate Principal Subordinate 
series. peries. series, series. 



Astermm 



He 

Hydrogenf?) fly 
Lithium (?) L 
Sodium 
Potassium 
Rubidium 
Ca>siu m 



lum 

drogeu 
tbiuin l?) 



Oxygen 

Sulphur 

Selenium. 



Sor iui 
Pol 



Co] 
Sil 
A] 
Irtc 
Thallium 



per 
ter 

niina 
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Oiysen 

Sulphur 

Selenium 

Magnesium, 

Calcium 

Strontium 

Zinc. 

Cadmium 
Mercury 



v ml 



triplets am formed in exactly the s. 
the enormous labour which has been 
named in working out from the spec 
and from all the different regions of 
graphic, these delicate triplets. In 
represent the strongest lines, those 
great deal of looking for. 

These investigations show that in 
duced the same chemical group, 1 
groupings, so to speak, are quite r 
ings. 

The facts so far ascertained are as follows ;- 



%v\e way. We can thus appreciate 
faced by the inquirers I have 
:vi of a great many suhstances 
ic spectrum, visible and photo- 
a great many cases they do not 
njost easily seen, and some want a 



some cases the series have repro- 
in some instances the series 
iifflerent from the chemical group- 



in t 



Group 1 
?? — 
» 3 
„ 4 

„ 5 



Lithium, sodium, pot. 
Copper, silver, (gold 
Magnesium, calcium 
Zinc, cadmium, mer 
Aluminium, indium 



ftssiuui, rubidium, cn-siiim, 
?). 

, strontium, 
ury. 

thallium. 



In the group of lithium, sodium 
follows absolutely the chemical seqn 
chemical group — calcium, strontium, 1 
group, magnesium, calcium, strontium 
That is a very remarkable departure, a 
sider the various conditions which we 



potassium, the scries sequence 
ehce. But when we come to the 
arium — we find it replaced by a 
while barium is not used at all. 
nd it shows that we have to con- 
ohservc in passing from group 



to group. 

From group to group with increasing atomic weights the series 
advance towards the violet. Thus, the limit of a series is repre- 
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sen ted by the first constant of the first subordinate of the four groups., 
the theoretical wave-length limit lies 

Between 3498 '2 and 5065' 1 for lithium, sodium, potassium, rubidium, caesium. 
„ 3168*0 „ 3256 '0 „ copper, silver, gold. 
„ 2512 S „ 3222 '6 ,, magnesium, calcium, strontium. 
„ 2328 '5 ., 2490 '1 „ due, cadmium, mercury. 

Ill each group with the increasing atomic weight the spectrum 
advances continually towards the red end; also the distance between 
the components of the doublets and triplets increases with the atomic 
weights, so that for every group the distance is approximately propor- 
tional to the square of the atomic weight. 

The Irregularities observed. 

The above account I trust will give a general idea of the new 
investigation in its most general aspect. 

I have next to, point out that we meet with most marvellous 
irregularities. We have some elements with many series, in others no- 
series have been detected, the numbers of the series varying even in 
the gases. With regard to the metals, Kayscr has suggested that the- 
melting point seems to have something to do with the phenomena 
observed ; that is, that the higher the melting point the smaller 
generally is the percentage of lines which is possible to distribute into- 
series. The following table will show this : — ■ 

Relation- of Series to Meltintj I'viut*. 



Element. 


Melting point. 
Centigrade. 


Percentage of 
series lines. 


Barium 


1600" 


O 


Gold 


1200 


4 


Copper 


1050 


6 


Silver 


960 


2t> 


Strontium 


700 


20 


Calcium 


"Off 


34 


Hag tie si urn 


000 


64 


Zinc 


410 


80 


Cadmium . . 


320 


50 


Lithium 


180 


100 


Sod'um. 


90 


100 


Otesiuni 


fi2 


100 


Potassium .. 


58 


100 


Rubidium , . ' 


38 


100 


Merntirv 


-40 


27 



The accompanying general table will show the facts touching these 
various points which are at present known. The metallic elements 



©2010 Forgotten Books 



94 

are arranged in the 
touching the total 
compound nature of 
picked up by the v. 
of the table. 



order of Mendeleeff's groups, and the irregularities 
number of series, of principal series, the simple or 
the lines of each series, and percentage of lines 
rious series, can all be gathered from an inspection 
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Principal 



] st and = ^ I 
2nd sub- S 
ordi nates. ^ 'ELK 



=1 



■?-■<= |-3.i * 



C H 



J v> 3 ^ » 

: ^ »■*"- i ^ 

i. ,2 » 

' a Cu ° r _ 

: s r Si .5 



2 



"5^ 



Hydrogen . 
Helium 
Asteriuui . 
Lithium e 
Soil turn 
Potassium . 
Ttubidium , 
Caesium 
Copi>er 
Silver 
Gold 

Magnesium . 
Calcium 
Strontium . 
Barium 
Zi-nc 

Cadmium . 
Mercury 
Al ti niinium. 
Indium 
Thallium . 
Tin .. 
Lead 
Arsenic 
Antimony . 
Bifinuth 
Oxygen 
Sulphur 
Self-mum . 



IT. 

III. 
IV. 
V. 

VI 



E9 
&5 
13 
tJ3 

K 

If 

i 

87 
13 ti 

(35 
111 
lflf) 

3' 
II 

ads 
u 

206 
■4 
119 
20(7 
] 

31 

7B 



1 

1 
1 
1 
1 
1 
1 
1 
0 
2 0 
0 0 
2 0 
2 0 
2 0 
0 0 



0 0 
0 (j 



0 0 

88 6 (2) 
8 3 1 
5 3 1 



100 

too 

100 
100 
100 
100 
100 
10.1 
6 
26 

L J 

04 
34, 
20 

80 
SO 
27 



100 
100 
100 
100 
100 
100 
100 
100 



17 



43 
14 
12 -5 



ISO 
90 

as 

3S 
fi2 
1080- 

dm 

1061 ■ 
600 
700 
700 
475 
410 
320 

-40 
654' 
176 
282 
232 
320 
450 
629- 
270 

114 
217 



ttie 



With regard to 
of zine, cadmium, ar 
case a very strong b 
sent the principal seh 
each of these elemeir 
lines which may rein- 



stated absence of "principal series" in the case 
cl mercury, it may lie pointed out that in each 
■o:id reversed line in the ultra-violet may repre- 
ies; and in the ease of copper, silver, and gold, 
s contains in the ultra-violet a very strong pair of 
esent the principal series. 
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I think it is quite fair to remark at this stage oi 
if all the vibratory atoms which produce the specti 
elements had all been brought to a similar condition 
plicity, in other words, if we were really dealing 
atom as defined, in each ease, the amazing irregnlari 
found could hardly he expected. 

Some Di taih, 



9-> 

our inquiry, that 
i of the chemical 
of greatest sim- 
ith the chemical 
ties which we have 



seem 



refe 



Ct. 



quest 



O! 



I will next go a little further into detail in the 
meuts for the sake of instituting comparisons, and 
results lead us. 

The must remarkable case which I have to 
hydrogen. TVe do not know the meaning of it y 
taken into account in any consideration of these 
little time ago only one series was known in the spect 
and reasoning on this basis, it was thought that the ; 
was far more simple than that of any other chemical 
that a chemical atom was only competent to produ 
short time ago, however, Professor Pickering, in his 
on the stars, to which I have already had the opporfci 
pp. 5y ri wy., discovered a second series of lines. Xn 
lessor Kydberg suggested that one of the most imp 
a large group of stars really represented a line of the 
hydrogen. That conclusion has been generally s 
evidence is considered doubtful by some ; so that we 
hydrogen has three series like helium and asterium, 
fore to be on solid ground in one direction, at all ev 
some gases. That is, we may a.ssniue either that a 
by vibrating produce three series, or that hydrogen 
threefold complexity. We have another series of 
weight, which therefore chemically are supposed to 
siderable simplicity ; we find that in the case of lith 
also deal with three scries, a principal series and two 
The same remark applies to potassium. It has reccn 
sulphur and selenium also give us three series. Wi 
series and the first and second subordinates, the s 
beyond these three is confined to one or two lines in 

But if we pass from the gas hydrogen to the gas 
we find 1 

In oxygen v:c fatre dx sr.rks, that is twice as many 
hydrogen, helium, asterium, lithium, sodium, sulphur 
far as that y;oes, we are in the same condition that 



accepted 



a nd 



itself 
me :al 



mm 



case of sonic ele- 
ing whither the 



r to is that of 
., but it has to be 
ions. Until a 
rum of this gas, 
itom of hydrogen 
element, and also 
e one series. A 
magnificent work 
mity of referring, 
long after, Pro- 
■tant lines seen in 
principal series of 
, although the 
now assume that 
we seem thei e- 
ents, in regard to 
simple atom may 
is of at lead 
s of low atomic 
represent a con- 
and sodium we 
ubonlinate series, 
been found that 
have a principal 
of anything 
case, 
oxygen, what do 



uggestion 
each 



as we know of in 
and so on. So 
we were some 
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time ago when we 
clevcite, when expose! 
;i single gas with six 
to shmi'" that that vi* 
are prepared to separate 
(.-ailing one helium an : 
stituents of the tlov 
same platform as 
sodium, sulphur, Sec 

Ii wc consider thi$ 
little further, we find 
lines seen at a low iem-Ae 
to observe the 
coil, a jar and an air 
ivhich have no connection 



rei te 
livd 



nagined that the gas obtained from the mineral 
to the action of a high tension spark, ivas really 
series. Very many arguments have been employed 
w is probably not an accurate one ; so that some 
the cleveite gas at spark temperatures into two, 
:1 the other asteriuni. That brings these two eon- 
gas, brought out by high temperatures, to the 
rogen with the recent developments, lithium, 



extraordinary condition in the case of oxygen a 
that the six series only offer it'll pick vp the oxygen 
-ature, and that if we employ a high temperature 
oxygeil spectrum, that is to say, if we use an induction 
jreak, we find a very considerable number of lines 
whatever with any of the series so far marie 



■ J - ■ iff 
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rr 


* * 




, ■; ^ * 

1." i, 


■' ) 

1.1 
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IL 


il in 


LlliiL 










i t 


1 



3uiu 



r 



i;s«.u 

3nii j 



out. And we are face 
case of oxygen there 
than there are lines ir 
chemical substance 
dealing with the oxj 
culties. The inquiry 
The next point i 
'jieiiiajittl series, but oi 
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CALCIUM 



i__L 



MAGNESIUM 



UL, 



Fi<i.;3-k — lisp lowing >eries and residual lines in spectra of calcium and' 

magnesium. 



to face with this very awkward fact, that in the 
are more lines ivhich we cannot get into a series 
the six series which we have attributed to that 
Here, therefore, on the hypothesis that we are 
gen " ohm" we begin certainly to get into ditii- 
is not straightforward. 

j, that in the case of other substances, v:e hurt no 
ity two subordinate ones. This happens in the 
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same 



tie iail 
seen 



to 
ti.e 



not 



still 



th 
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case of magnesium 
;ind tellurium 
no principal scr: 
nesinm, in the 
how many of thi 
furnish some 
give the lines 
horizons we hav 
series. The next 
are not distribut. 
number outs tan 
portant indeed 
conspicuous in 
spectrum, have 
series of calcium 
to he getting 
case of some of 
fiame thing holds 
the temperature 
of calcium. A 
form the series, 
after all attempt! 

I have now 
in the case of c 
showed on pages 
temperatures, 
their appearance 
in the hottest 
have added these 
slightest trace oi 
that the further 
fill simplicity wi 

I refer next 
arsenic, antimony 
series whatever 
have tried to get 
previously inves 
and Runge to 
absence of series 
with which they 
low, as in the 
would show at 
over. But, wh 



t> 



star 
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calcium and strontium, and also aluminium, zinc, 
we have a first and second subordinate series, but 
:cs. T have studied the lines of calcium and mag- 
way that the lines of oxygen were studied, to see 
lines are picked up by the series, and I proceed to 
s. In the upper part of the diagram (Fig. 31-) I 
in the arc spectrum of calcium, and in the two next 
the lines picked up in the first and second subordinate 
horizon gives the residual lines — lines, that is, which 
ible among these series. We see that there is a large 
ding just as iu the case of oxygen, and it is very ini- 
note that the two lines H and K, which are more 
spectrum of the sun than all the other lines of the 
been caught by any of these researchers into the 
Therefore, with a reduced number of series, we seem 
further from the simplicity we began with in the 
e permanent gases like hydrogen and helium. The 
with regard to magnesium, the spectrum of which at 
of the arc has not so many Hues in it as the spectrum 
certain number of these lines has been picked up to 
but we get numerous lines which have been left over 
to sort them into series have been made, 
refer to another consideration. We have dealt so far 
deiuni and magnesium with tire temperatures, but f 
So and 36 that in the case of these metals at spark 
i spectra are greatly changed, enhanced lines making 
; and I stated on page 57 that the all-important lines 
s are lines seen at the temperature of the spark. T 
lines to the diagram, and we see that there is not the 
those lines haying been picked up in the series. Su 
we go, the more we seem to get away from that beauti- 
th which we began, 
to another group of substances, namely, tin, lead, 
, bismuth and gold, and I might mention more. No 
lave as yet rewarded the many attempts of those who 
those metals and non-metals on all-fours with those 
tigated. As already stated, it remained for Kayser 
out that it looked very much as if this complete 
was connected with the melting points of the substances 
had been dealing. So long as the melting point was 
^ase of sodium and lithium, the normal three series 
low temperatures; and, further, there were no lines 
we deal with substances with high melting points, 



point 



en 



©2010 Forgotten Books 



www. forgottenb ooks.org 



i>8 



IXOIICAXIC hv 



"H/TTIOX. 



there arc no scries at all. In the case 
(Vf., ;ill the lines are picked up : in the 
the scries ]iick np only a very small pi 
fore, to he a progression of complex- 
point ivith regard to all the metallic sn 
examined. 

In the case of barium with a high 
all represented in "series"; contraste 
of lithium. But then again, when we 
of low melting point, instead of gett 
about 2o per cent, of the lines represci 
do the gases. 

Gene ml Cowl 



of lithium, sodium, potassium, 
case of copper, silver, and gold, 
n oportion. There seems, there- 
by with the increasing melting 
stances which have so far heeu 



nie 



:lting point, we get no lines at 
with 100 per cent, in the case 
come to mercury, which is also 
ng 100 per cent, we only get 
ited. The metals then vary as 



m 3V 



i en 



atoms 
odi cing 



earn 



.ve r 



The evidence then seems to indicate 
ease of the elements studied by the 
series must possess different degrees of 
it was imagined that hydrogen was 
simple vibrations that only one series t 
that is so, then it looks very much as i 
of lines <d least three molecules or 
in ail probability at work in pi 
series, that points to a still greate 
case of oxygen, we get six series not ac 
we should be quite justified, 1 think, in 
of the most complex things that we w 
our studies of "series" in cases where 
come to metals where there are no series 
are dealing with substances with high 
we cannot bring them down easily to 
by the free p;iths and collision couditi 
is quite easy to suppose, on that accoi 
vibrations of any of the more simple f 

Hence, then, I submit that the ev 
plex origin of line spectra by the studies 
obtained from high temperature work 
sioi i of stellar spectra in relation to th; 

I have already referred to the ease 

Professors Pickering and Kayscr 1 
is due most probably to a high 
states, I: that this scries has never been 
explained by insufficient temperature it 
the stars." 



ion 



tor 



[chap. 



ifs-ir<».«. 

that the chemical units in the 
•ements written out by these 
complexity. A little time ago 
dered visible to us by such 
f lines could be produced. If 
whenever we see three series 
, three different things, are 
them. When we get six 
plexity, and when, as in the 
counting for half the lines, then 
supposing that oxygen was one 
e brought face to face with in 
;hey are observable. \Yhen we 
at all, what do we find 1 \Ve 
melting points — that is to say, 
mose mobile states represented 
s of a permanent gas; and it 
it alone, that we do not see the 
:ms. 

clence presented as to the com- 
of " series " is as clear as that 
in the laboratory and a discus- 
work, 
hydrogen. 
>oth concede that the new series 
ure, and Kayser expressly 
observed before, can perhaps be 
our (Teissier tubes and most of 



of 



tern; jerat 
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It seems as if the two series are of the "subordinate 
that the principal series is wanting if Rydberg's conel 
accepted ; because while in subordinate series the lines for 
of /; lie very near to one another, the similar lines of the pri 
on the other hand are always more refrangible. It seen: 
probable that one or two of the many unknown lines record e 
spectra still awaiting identification may belong to the pri 
of hydrogen. 

If we are dealing in this ease with a single molecule 
vibrating in a previously unknown way in consequence 
temperature, why is it that the molecules of other bodies d 
similar transcendental vibrations and appear in the same 
we shall get new forms of the other chemical elements ? r \ 
we do not do so is, I claim, an argument in favour of the v 
principal and subordinate series are produced by molecules 
complexities, and that the finer molecules can alone wi 
action of the highest temperatures, ;uid require high tern 
produee them. 

In this way we can easily explain the visibility of the 
hydrogen in connection only or mainly with the lines of 
and other similar gases (for there is already evidence of t 
of other similar gases) in the hottest stars. 

From the admirable work done on such substances 
sodium and potassium, which apparently are reduced to 
atoms at relatively low temperatures, and more recently on 
oxygen seen at low temperatures, we are bound to consider 
research includes the complicated spectrum of iron that th. 
follow suit; but it is already obvious that a principal 
ordinate series will never do; there will lie very many ser: 

Now these series must include both the arc and the enli 
and as these are visible each without the other in stars 
temperatures, in one case associated with the elcveite gases 
without them, we have another argument in favour of 
plexity. 

I may here point out that it is always the hot line v 
" series." The argument that lines in series represent 
of one molecule proves that lines not in series are pv 
vibrations of some other molecule. 



" type, and 
iion be not 
large values 
icipal series 
s, therefore, 
d in stellar 
icipal series 



th 



a:i 
■ies 



sui 



Finally then, I stated in 187M that the spectrum of a 
the integration of the spectra of various molecular groupin 

It has now been definitely established that the specti 
substances is the integration of " series." 



if hydrogen 
of a higher 
> not put on 
irs so that 
he fact that 
lew that the 
of different 
ihstand the 
leratures to 

new form of 
the cle'veite 
.ie existence 



as lithium, 
their finest 
the series of 
it when the 
it also must 
(I two sub- 
involved, 
anced lines, 
of different 
, in another 
ir com- 



mence ul 



hich avoids 
vibration 
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jstance was 
y s. 

urn of some 
n H 



©2010 Forgotten Books 



www. forgottenb ooks.org 



100 



i:\-OROAXIC EVOLUTION. 



sene 
thev 



hat 



So fiir there has 
possibility that each 
cules, hut the facts as 
we consider a series as i 
tion. There are facts v| 
result. 

I am glad to he a 
Kayser has kindly read 
his opinion, which he al' 

" I quite agree witji 
are in general very cc 
complexity is very va 
•conditions. I think t 
has the simplest structu 
condition it will emit , 
perhaps three, series of 
high enough above the 
nevertheless some will 
mixture of molecules, f 
this temperature to 
gets lower and lower, 
while the simplest ones 
simplicity of the spe 
•or none, remain, and th 
a great many different 
first publication of Ka 
1888), and I think our 
it." 



been 



10 definite pronouncement touching the 
;s may represent vibrations of similar mole- 
stand are in favour of this view so long as 
■^presenting the simplest result of atomic vihra- 
hich suggest that even a series is not a simple 



the 



mor 



ctrum 



[chap. x. 



le to complete this chapter, which Professor 
over for me, with the following expression of 
ows me to publish, 

your opinion, that the molecules of elements 
niplicated systems of atoms, and that their 
riable with temperature and perhaps other 
at the highest temperature every molecule 
c; is perhaps a single atom; and that in this 
very simple spectrum consisting of one, or 
doublets or triplets. If the temperature is not 
melting point to dissociate all the molecules, 
be dissociated, and we shall have always a 
om the most complex ones that can exist at 
most simple ones. AVhen the temperature 
■e and more complex molecules will be added, 
gradually disappear. In the same degree the 
is lost, of the series only the strongest lines 
s spectrum is the sum of more or less lines cf 
spectra. I expressed the same opinion in the 
r ser and Runge (Abhawdh d. k. Ahui., Berlin, 
'esearehes have shown nothing that contradicts 
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Recent work in America, by means of the great dispersion afforded hy 
Holland's concave gratings, has supplied us with results* of the 
highest interest, touching small variations in the wavcdeng:hs of 
spectral lines and the causes which produce them. These are stated to 
have been, in the first instance, established by Mr. Jewell hy an lixami- 
nation of the Rowland series of photographs of the solar and metallic 
spectra taken hy means of a concave grating of 21^ feet radi .is and 
20,000 lines to the inch- — an instrument of research which, so far as 
my own experience goes, is obtained with great difficulty by wjorkers 
in this country. 

Mr. Jewell's investigations began in 1890. Messrs. Humphre 
Mohler studied in 1895 the effects of pressure on the arc spectra 
elements, work suggested hy Mr. Jewell's prior researches. 

Mr. Jewell, as a basis for his new conclusions, investigated 
modern conditions classes of phenomena which 1 was the fi 
observe and describe more than a quarter of a century ago. 

To show the relation of the new work to the old, it is 
begin with a short historical statement, which will have the adv 
of giving an idea of the meaning of some of the terms employed 

I first employed, as stated on p. 22, the method of throw 
image of a light source on to the slit of a spectroscope by me, 
lens in 1869, and some of the results obtained by the new 
were the following. 

(1) The spectral lines, obtained by using such a light source 
electric arc, were of different lengths; some only appeared 
spectrum of the core of the arc, others extended far away in 
flame and outer envelopes. This effect was best studied hy th 
the image of a horizontal arc on a vertical slit. The lengths 
lines photographed in the electric arc of many metallic elements 
tabulated and published in Phil. Trims., 18*73 and 1874. 

(2) The longest lines of each metal generally were wider th 
others, the edges fading off, and they reversed themselves ; by 
mean that an absorption line rait down the centres of the brigh 
These results were afterwards confirmed and extended by Cornn 

* AstropJiysiml Journal, February, 1S9G. vol. iii, p. 114. 
t Chemistry of the San, \>, 370. 
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(3) From experiments with mixtures of metallic vapours and ;;;ases 
it came out that the longest lines of the smaller constituent remained 
visihle after the shorter lines had disappeared, the spectrum of each 
substance present getting gradually simpler as its percentage was 
reduced,* the shorter lines being extinguished gradually. Shortly 
after these observations were made, I included among some general 
proposition* : j " In encounters of dissimilar molecules the vihrations of 
each are damped." 

(i) The various widths of the lines, especially of the winged longest 
ones, were found to depend upon pressure or density, ami not tem- 
perature.! 

(5) The "longest lines" of any one metal were found to vary in 
their behaviour in most extraordinary fashion in solar phenomena, 
heing furthermore differentiated from the shorter ones ; and on this 
and other evidence, I founded my working hypothesis of the dissocia- 
tion of the chemical elements at the solar temperature. In 1876 T set 
out the facts with regard to calcium. 

(6) Tn 1S83, Professor \Y. Yogel, in a friendly criticism, pouted 
out the evidence, then beginning to accumulate, that under certai i cir- 
cumstances the wave-lengths of lines are changed. g In 1887, I extended 
this evidence, : and I think it was I who coined the word " shif: " to 
express these changes.* 

I now pass on first to the results which Mr. Jewell claims to have 
established. 

With the enormous dispersion produced by the instruments referred 
to, it is found that certain metallic lines, but not all, are displaced or 
*' shifted " towards the violet when compared with the correspoi thug 
solar lines. "There was a distinct difference in the displacement, not 
only for the lines of different elements, but also for the lines of dif- 



HAJ', 



ferent character belonging to the same element." 



elate 
isso- 



The "different character" above referred to turns out to r 
not so much to the intensity as to the length of the line, and, 
ciated with this, its reversibility; the longest lines are the mos)t dis 
placed, the shortest, least. 

Further, in the spectrum of the arc itself, the position of a line with 

* Phil. Tra.is. (1*73), p. 4S2. 
+ •Studies iii Sjieetntai Analysis (IfiTM), p. liO. 
I Phil. Tranx., 1872, p. 253. 
§ Saturn, vol. sxvii (18S3), p. 233. 

Chemistry of ike Sail, p. 3U0. 
*~ Since, the parentage i<j uncertain, I may ea\ that perhaps i; slilftings ,: uoulii 
liave teen a 'bettor word, as shift is otlienvise employer!, e.g., Love's last shift 
T r*i I •} liy :i French iinll.cr, la tieriiiere chemise tit Vaiunvr). 
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hut little material present " v 
tion of the line when reversed, 
displaced to the violet, this 
a substance present the greatei 
and, therefore, the greater the 
placement towards the red. 

Mr. Jewell found that " w 
material in the arc there was 
towards the red," and then tha' 
further progress in that direct 

Here is an observation re^ 
was found that if the micr 
little cadmium in the arc, th 
almost bodily left the eross-hah 

Mr. Jewell considers he h. 
of an atom depends to some 
increase of the density of the 
pressure, seemed to produce 
period." My result of 1^72 
"the new results are found to 

We seem, then, now to he i 
ease even of metallic lines, on 
with dissimilar molecules. an< 
towards the red when we deal 

A carefully prepared tab 
character of the solar lines c 
the corresponding metallic li 
observed displacement. 

Many references to solar 
relation to his work, hut I do 
is one point, however, I must 
sious to he drawn from a study 
of the necessity of any dissoc 
solar phenomena." I have alrt 
"\V. Vogel's conclusion with rei 
18*3. 

It is quite easy. "Two ;i 
show the effects of a violent r 
tions, in the neighbourhood of 
responding to one of Lockyei 
and increase of intensity in 
other line (the larger one co; 
lines ') is unaffected. But th 



he 



on 
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is approximately the same as the posi- 
Xow since the longest lines are most 
ans that the smaller the quantity of 
s the displacement towards the violet ; 
quantity present, the greater the dis- 



ith an increase in the amount of the 
in increasing displacement of the line 
, "unless the line became reversed, all 
ceased." 

;arding the red line of cadmium. "It 
wires were set upon it with very 
as the amount was increased the line 
s, always moving towards the red." 
is established that the vibration-period 
extent upon its environments. "An 
material, and presumably an increase of 
a damping effect upon the vibration 
iih regard to pressure was endorsed, 
due to pressure and not temperature." 
presence of two damping effects in the 
which extinguishes lines when wc deal 
1 one which changes their wave-length 
ivith similar molecules, 
le showed the origin, intensity and 
cideral, the intensity and character of 
the wave-lengths of both, and the 



1 es 



phenomena were made by Mr. Jewell in 
not propose to discuss them here. There 
'efer to. He considers that the concln- 
of the new shifts " effectually disposes 
iation hypothesis to account for most 
ady pointed out that this was Professor 
;ard to possible shifts, so far back as 

djaceut Hues of iron, for instance, may 
lotion of iron vapour in opposite direc- 
spots, or one line (the smaller one cor- 
'5 'short lines') may show a broadening 
the spectrum of a sun-spot, while the 
responding to one of Lodkyer's ' long 
does not prove that iron vapour is dis- 
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sociated in the sun. It 
portions of the two lines 
f Brent elevations in the s<. 
will lie a fleeter! in a sun 
the portion of the line 
and may lie masked com 
produced at a higher lev' 
solar spectrum may he en 
higher altitude." 

"This also explains why 
of an element may he most 
(generally the long lines) 
nenc-es or in the ehromosph ■; 

My thirty-three years' 
an oppressive feeling of i 
Jewell a knowledge so m 
perfect right to dismiss all 
to point out that he has not 

A comparison of the fact 
drives his last paragraph in 
have to do with the short 1 
lines in spots, the exact < 
run counter to my views in 
duced at different elevations 
eclipse observation of 1882 
evidence will he found on 
concrete instance, are pi 
atmosphere : and that was 
me to ahandon the thin 
and my=elf in 1869 in 
more we consider the solar 
families of iron lines free 
more a dissociation hypo 
have to take into account 
at all are seen amongst the 
wo have little else. 

The real hearing of thh 
has heen accurately caught 

Another very interestin. 
phenomena of absorption. 
As I pointed out in 167[), 
and a whole host nt unex] 

Che mi at 
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erely shows that the apparently similar 
n the solar spectrum are produced at dif- 
lar atmosphere. The stronger iron lino 
spot as much as the other one, but it is 
produced at the same level as the other line, 
pletely, or very largely, by the emission line 
, while the second absorption line in the 
tirely unaffected, being produced at a still 

some of the lines (the short lines generally) 
prominent in sun-spot spectra, while others 
*re those most frequently seen in promi- 
rc." 

rork at soiar physics leaves me with such 
noranee that T willingly concede to ilr. 

greater than my own as to give him a 
my work in two lines; hut I am compelled 
carefully read what I have published, 
s brought together on page 26, for instance, 
to thin air ; it is distinctly shown that we 
nes in the chromosphere and with the long 
of his statement. Mr. Jewell does not 
opposing that different phenomena arepro- 
I thought 1 had abundantly proved in my 
{Che misery <>f ihe Sitv, p. 363), and the later 
p. 41, d z''q., that the iron lines, to take a 
oldueed at different heights in the solar 
one among many reasons which compelled 
ersing layer suggested by Dr. Frankland 
to Kirchhoff's view. But surely the 
atmosphere as let out in flats, with certain 
to dwell in each and to flit it discretion, the 
is wanted. And beyond all this, we 
that at the sun-spot maximum no iron lines 
most widened lines, while at the minimum 



pp >site i 



rev< 



opposition 



new work on the dissociation hypothesis 
»y Professor Hale, as I shall show later, 
part of Mr. Jewell's work refers to the 
There is room for plenty of work here, 
we get unequal widenings, " trnmpetings,"' 
lined phenomena.* It is clear that the 

rv of the Sn.ii, pp. 380— 387. 
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enormous 
matters. 

I now 

These 
cylindrical 
teen at 
were taken 
been measure 



tmo;;ph 



specimens 
have obtained 



■iss to Messrs. Humphreys and Mohler's researches, 
investigators used an electric arc enclosed in a east-iron 
vessel, which enabled them to vary the pressure up to four- 
eres. One hundred photographs of metallic spectra 
t and the shifts of some lines of twenty-three elements have 
d. The accompanying rough diagram, bringing together 
)f their observations, will indicate the kind of result they 



Fie. 33. 



The pr 
towards tt 
The shifts 
neighbour i 

The 
was alw 
length an 
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dispersion at Mr. Jewell's command will largely help 




Changes of ivave-Iongtli produced hj pressure, showing the different 
behaviours of the lines of calcium (H and K and the blue line). 



essures in atmospheres are shown to the left. The shift 
.ti red in thousandths of an Angstrom unit are shown below, 
have been reduced to what they would be at k 4000, in the 
iood of which most of the work was done. 

aeement or shift varied greatly for different elements. It 
towards the red, and directly proportional to the wave- 
the excess of pressure over one atmosphere. 



displ 
ays 
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(July one exception to tin's general statement was noted at the 
beginning of the inquiry ; it refer* to calcium. " The. lines II and 
aiuoiiii others, shift only about half as much as ;/ (the 1)1 lie line 
A-iJJC-'Jl). and the g-j-*ni|.) at A.jb'OO. That;/ should differ in tlji 
respect from II and K is not very surprising, since it is known to dill' 
greatly from them in many other respects." 

On this exceptional behaviour of those lines of calcium, I quote tli 
following, from a note by Professor Hale.* 

" The' difference in behaviour of IT and K and the bine line 
calcium discovered by Messrs. Jewell, Humphreys, and Mohler, seen 
to support Loekyer's views as to the dissociation of calcium in the ; 
and sun. The remarkable variations of the calcium spectrum wi|th 
temperature have long been known principally through the invesiit 
tions of Lockyer. The writer has shown that the II and K lines a 
produced at the temperature of burning magnesium and in the u.m 
coal-gas name. They could not he photographed in the spectrum 
the Pun sen burner, though an exposure of sixty-four hours was given 
Mince these experiments were made. I have been informed by Profess 
Eder that his own efforts to photograph the lines in the Bun sen burn 
were no more successful, though an optical train of quartz and fhh 
spar was employed. It would thus appear that the temperature of the 
dissociation of calcium is between that of the Bunseu burner and tf 
of the oxy-eoal-gas flame. The high 'molecular weight of calcium h 
hitherto conflicted with our belief in the presence of this metal 
prominences. If, however, it lie granted that dissociation can 
brought about by temperatures even lower than that of the arc, the 
difficulty is very greatly lessened." 

In an article which 1 wrote in X'thtre on this work,t I pointed < 
that " it would be very interesting to see if the strontium line 
A -±GO7 _ 02 behaves like the calcium <j in relation to the lines at A 4077 ■ 
and A 4-15'GG, representing H and K." 

This prediction was subsequently confirmed by Mr. Humphrey 
who yave a table of the shifts measured on the strontium lines mentioned 
above. "When working with pressures varying from 6 to 15 atm 
spheres, the shift of the line at A 4077*88 was always approximately 
half that at A 4607"9J. 

There can be little doubt after tin's successful prediction that otliei 
enhanced lines will follow suit as this new attack is carried further 



" Axti'Ojihtfxii-al wlottrixtl, loc. eit. 

t Saii-re, vol. liii. p. il6, March, 1S98. 

X. 11 The Effect of 1 're-sure on the Wnv'j- lengths of lines in the Spectra of cert 
Till liieiits." Astruphyxicttl tToiv/iut. uil. iv, p. -49. 
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The shifts " we 
environment 

Em there are also 
lion of which has 
conclusions of great 
Messrs. Jewell, Hnmpl: 

To see the point of 
taken he t ween two 
thus described. 

" The initial di* 
must do so because the 
intense heat generate! 
which then begins 
tions of the discharge 
not through the air."* 

Xext let us assume 
to pass to the other 
the spark <i»<> air w: 
will give us curved liu 

Next suppose that 
by the three different 
done by Dr. Arthur 

" The method of 
several years in variovjs 
On the other hand 
method used by Profe 
This method consists i 
rotating wheel. All 
so powerful that each 
tnvm on the film 
images taken on the 
developed on a 
the case. The metal 
the wheel rotates, and 
diffusion of the 
remain straight, though 

i; To avoid the ten 
round its rim, as in 
was constructed for us 
pany. The film is 



,<hiftiinj of IJhc?. 
re so far referred to are real, depending upon the 
of the molecules the vibrations of which build up the spectra. 

-hat we may term artificial shifts, the observa- 
tly led Dr. Schuster and Mr. Hemsaleeh tn 
importance almost equalling those noted by 
ireys and Mohler from our special point of view. 
■ his new work, let us consider a strong jar spark 
different metallic poles in air. What happens is 



Schuster 
the 



good 



ti 
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schkrge of the jar takes place through the air ; it 
■e is at first no metallic vapour present. The 
1 by the electric current volatilises the metal 
to diffuse away from the poles ; the subsequent oscilla- 
take place through the metallic vapours and 

that the vapours produced at each pole fake tin" 
If we observe by means of a revolving mirror, 
give us a straight line, the spark <j_nu each vapon: 

nstcad of observing the sparks thus produced 
sources, we observe their spectra. This has been 
ind Mr. Ilenisalech, who thus refer to it : — 
rotating mirror tried during the course uf 
forms by one of ns, did not prove successful, 
results were obtained at once on trying the 
sor Dixon in his researches on explosive waves. 
1 fixing a photographic film round the rim of ;< 
at is necessary for its success is to have sparks 
::iligle one gives a good impression of its spec- 
ere the sparks absolutely instantaneous, the 
rotating wheel would be identical with those 
- plate, but on trial this is found not to be 
incs are found to lie inclined and curved when 
their inclination serves to measure the rate of 
ic particles. The air line.-, on the other hand, 
h slightly widened. 

leney of the film to fly off the wheel when fixed 
} original form of the apparatus, a spinning disc 
by the Cambridge Scientific instrument Corn- 
flat against the disc, and is kept in place by 



placed 



Prci: Roy. Sar., toI. 64, p. 331. 
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i second smaller disc, which can he screwed lightly to the first. The 
liamcters of the two discs are 33 and 22 - 2 cm., the photographs being 
:akeu in the annular space of 10 8 cm., left uncovered l>y the smaller 
lisc. An electric motor drives the disc, and we have obtained velocities 
of 170 turns per second, though in our experiments the number of 
■evolutions was generally about 120, giving a linear velocity of about 
!00 metres second for that part of the film on which the photograph 
vas taken." 

Smv the curvature of the metallic lines must depend upon the 
ate of diffusion of the vapours in opposite directions from the metallic 
poles : and if the spectrum of each metal used as a pole be due to the 
'ibrations of one set of molecules, there will be equal curvature in 
all the lines of that metal. 

The photographs however, so far taken, show that the curvature 
it? jiU equal ; so in this work as in the other I have referred to in the 
previous chapters, and shall refer to in subsequent ones, we are driven 
o the conclusion that the spectrum has a complex origin. The results 
of the investigation, so far as it has gone, have not yet been completely 
published, but Dr. Schuster in a letter to me states that he has " no 
doubt as to great differences in inclination [curvature] of the bismuth 
hies. I also believe the dift'ereuee to be real in the ease of the zinc lines 
(the green doublet being different from the blue triplet), but this I do not 
onsider established with the same certainty as in the case of bismuth." 

In order to give an example of the magnitude of the differences in 
elocity determined by the unequal curvature of the lines, Dr. A. 
Schuster allows me to print the following numbers : — 

Wave- Telocity 

Metal, lengt h. met res, second. 

Zinc 4S2;i I . , „ 

4912/ 41 ° 

545 

4722/ 

Cadmium 5379 1 

> iao 



559 



1420 

533 

394 
4.41 
3S3 
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spectrum chart 
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Of these, P 
the attempt in 
Faraday in 18 
last he ever in 
by Dr. Bence 

" 1862 was 
ratus for prod 
method b} T \v. 
tried. In Jan 
then he tried 
of sodium, chl 
lithium." 

An expcr: 

"The colon)-] 
and the salts oi 
polarizer was 
analyzer at 
magnet was m. 
or change in 
polarizer or an 

" Two other 
flame establi 
optic apparatus 
magnetic axis, 
excited and ren 
ized or impolf 

About the 
experiments w 
laboratory at 



the 



si 



ished 



Ividence Afforded by the Magnetic Pekti'rba- 
tions ov Lixek. 



present electro-magnetic theory of light was formu- 
ent shape, several observers endeavoured to see if any 
was to be noted when the light source was placed in 
field. 

ofessor Tait seems to have been the earliest. He made 
1855 :* it led to no result. The same thing happened to 
862. Indeed, his experiment on this question was the 
aide. I extract the following account of it from his life 
ones :— t 

the last year of experimental research. Steinheil's appa- 
g the spectrum of different substances gave a new 
the action of magnetic poles upon light could be 
uary be made himself familiar with the apparatus, and 
action of the great magnet on the spectrum of chloride 
de of barium, chloride of strontium, and chloride of 



t ri 



lracnt 



made on March 12 is thus recorded : — 
ess gas flame ascended between the poles of the magnet, 
sodium lithium were used to give colour, A Xicol's 
placed just before the intense magnetic field, and an 
other extreme of the apparatus. Then the electro- 
ide and unmade, but not the slightest trace of effect on 
lines in the spectrum was observed in any position of 
yzer. 

pierced poles were adjusted at the magnet, the coloured 
between them, and only that ray taken up by the 
which came to it along the axis of the poles, i.e., in the 
or line of magnetic force. Then the electro-magnet was 
dered neutral, but not the slightest effect on the polar- 
ray was observed." 
year 1872, Professor Clifford and myself made some 
the large Steinheil spectroscope then in use in my 
School of Science ; the only magnet available was a 



ir ized 



ilh 



the 



< s Proc. Roy. Sac. Ediu., vol. ix, p. US, 1875-6. 
- Vol. ii, p. J49, 1S70. 
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feeble one, and nothing came of them. In 1SS5 M. Fievez* was 
fortunate. He made a set of experiments which may he said to 
tii-Kt recorded success, or at least partial success, of the solution 
problem which now concerns ns. M. Fievez observing with a 
a magnetic field as Faraday had previously done, lie noticed a 
ing, and apparently a doubling of lines, hut the doubling he attr 
to absorption. He wrote : — 

11 Les phenomenes qui se manifest cut sons Taction dn 
>ont identiquemeiit les luemes que cenx produits par une elevat 
temperature." 

In spite of this, however, Dr. Preston has expressed the 
that if Fievez " had known the tlieory, the whole question woul 
lieeii settled in 1885." 

The subject remained unfruitful until 1897, when Dr 
made known the results! of an important series of observations 
he had been quietly carrying out. 

In a course of measurements concerning the phenomena 
served by Dr. Kerr, Dr. Zeeman was led to reopen the inquiry w 
the light of a flame submitted to the action of magnetism vea. 
undergo any change. He remarked : " If a Faraday thought 
possibility of the above-mentioned relation, perhaps it might 
worth while to try the experiment again with the excellent a 
of spectroscopy of the present time. . . And his obsen 
established that the bright lines of spectra are modified eons 
when a strong magnetic field is used. It was at once seen w 
vious experimenters had failed : the effect is small, so that 
strong field, high dispersion is necessary. 

Xo sooner had Dr. Zeeman made his discovery public, tlu 
feasor Lorentz, and subsequently Dr. Larmor, investigated the 
theoretically. They showed that dealing with the theory in its 
form, not only mere broadening of the lines should be expec 
that each line should really consist of three separate lines, or in 
words, form a triplet. 

According to the simple theory, each element of matter 
carries an electric charge proper to it — the complex being 
ion— has its movements affected by the magnetic field. 

If we consider these ions to be the elements of matter the 
ments of which produce light, it is certain that in a magnetic fi 
movements will be affected , there will not only be the normal 
ment in the orbit, but an added processional movement, or spin, 

* Bulletin de VAcail. ties Sciences de Belgique, Sv ."•v'rie, tome ix, p. 3S1 
t Phil. Mag., [5], yoI. xliii, p. 226. 
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the lines Df magnetic force. If we represent the electric charge of the 
i<m hy i', md its inertia l>y >??, the ratio /■ in in a field of given -strength 
proportional to the precession, or spin, of the orbit of the ion. 

>ing specially constructed electro-magnets, and arranging 
ditions of the experiment, it was not long before a magnetic 
produced which was sufficiently strong to completely sep;irate- 
p<pnents of the lines previously thought to lie only broadened. 



con 



Jiy U: 
specia 
field was 
the com 



_ 30 



■in 



.z © 

~ x. 



It was. 
into triplet. 
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found that while wmtr of the spectral lines were couvcitad 
a, others were resolved into quartets, sextets, octets, or other 
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complex types, while others 
unchanged 

And then there was 

Not only do lines in the 
respect, but lines in the s 
eh a i lg ed : w h i 1 e s orae spe c ti ■ 
resolution in the magnetic 
This important fact was firs 

This brings us to the 
■own, for we now find lines 
ytui magnetic perturbations, 
in the spectra of sun spots 
qua perturbation there is no 
since done in this connection 

M. Cornu was the 
writes ; — 

"The effect of the mag 
radiations of the luminous 
chemical nature of the sour 
spectral Hues to which wh ran 
in this group."! Soiuewh; 
gave details with regard 
region, tailing attention to 
ance " physically, ehemicall 

Dr. Zceman§ subsequen 
across and along the line 
of iron lines were, with 
triplets, quadruplets, Ac, 
case of a few lines he fur 
ponents of a triplet across 
the lines of force. 

Messrs. Ames, Earhart, f. 
alwut the behaviour of somp 

When the radiation at ri 
each line in the spectrum w, 
three, the central componei 
along the line of force, the 



revelation. 

spectra of different substances vary in this 
rum of any one substance are differently 
al lines of an element show a considerable 
field, others are scarcely affected at all, 
stated by Dr. Preston in 1S97.* 
neetion between this line of wort and my 
of the sa-nte xuhdauett behaving differently 
as I found iron lines behaving differently 
a velocity. About this different behaviour 
question. I will refer to some of the work 



tb?r 



* Trans. Roy. Dub. 5cm?., vol 
t Astropliysical Journal, TO. 
J Compter Readus t vol. exxv 
§ Proc. of Mot/. Acad, of > 
physical Journal, vol, is, p. 47. 
|] AslrtiphysicalJottriia! , \o. 
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again remained almost if not altogether 



to 



next to note the importance of this. He 



etic field on the period of vibration of the 
i source seems to depend, not only upon the 
:e, but also upon the nature of the group of 
iaiiouhehm<j.% and on the part which it plays 
t later MM. II. Becquerel and Dcslandres 
the spectrum of iron in the ultra-violet 
these observations as being of great import- 
', and astronomically.''^ 
,ly published the statement that observing 
3 of force, although the vast majority 
the field used, resolved into doublets, 
'.hrrc, or four lines teemed "unaffected. In the 
found inequality between the outer com- 
and of the corresponding doublet along, 



nd Iteese next noticed further peculiarities 

of the iron lines. || 
3;ht angles to the magnetic field was studied, 
,is found in general to be broken up into 
t being plane polarized with its vibrations 
two side components being plane polarized 



li, p. 385 (1808), and vol. vii, p. 7 (1899). 

vii, p. 163, 189S. 
p. 997; vol. exxvii, p. 18. 

icienees, Amsterdam, June 25, 1898, and Aslro- 

viii, p. 43. 
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at right angles to these, their v 
field of force. 

Exceptions to this rule, how 
wave-lengths 3587*13, 3733'i7, an< 
the reverse manner. Two other 
3S7*2*64, were quadruplets, the 
tions along the line of force, beinj 
which showed no modifications w 
37C7-3I, 3850-12, and 3888-67. 

These observers further notice* 
ponents of the triplets seemed to 
were certain lines in which the 
much greater than that of other 1 
fjuite closely alike. On this basis 
spectrum into two classes, in each 
was the same, but in the one set 

The lines belonging to these tw 
identical with those sets of lines 
np when studied with reference to 
this conclusion is not accepted by 

I have already stated that 
triplets only, as on the simple theory 
got motion of a solar vapour ind 
The facts are equally against the 

The magneticians can now, 
embrace and explain all the ne 
phenomena. To show how they 
quote from a lecture recently given 
most successful investigators of 

"According to the simple 
across the lines of force, should 
and the difference of the vibratioi 
the triplet should be the same for 
stance. In other words, the prece 
for all the ionic orbits, or the d 
the lateral components of the 
as the square of the wave-length 
ation. Xow, when we examine 
that this simple law is very far 
casual survey of the spectrum of 
does not hold even as a rough a 



ibrations being at right angles to the 
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elver, were found in the lines having 
1 .'i865'67, which behaved in exactly 
lines at wave-lengths 37i'2'72 and 
central component, which had its vibra- 
a close double. Some of the lines 
hatever, were those at AA 37-1 6 '0<i, 

that the separation of the side com- 
be irregular; they found that there 
paration was nearly the same, but 
ines where separations seemed to be 
they separated the lines in the iron 
which the " magnetic separation " 
h greater than in the other. 

0 sets were found to be practically 
to which the iron spectrum breaks 
the shift produced by pressure, but 

.Mr. Preston. 

the simple theory we should get 
of thirty years ago we should have 
h}ated by all the lines in a spectrum, 
ni pic theory in both casus. 

> r ever, by extending their theory, 
.-, and at first sight extraordinary, 
e done it, I cannot do better than 
by Dr. Preston, who is among the 
new branch of science.* 
, every spectral line, when viewed 
a triplet in the magnetic field, 

1 frequency between the side lines of 
all the spectral lines of a given sub- 
ssional frequency should be the same 
ficrence of wave-length SA between 
ignetic triplet should vary inversely 

of the spectral line under consider - 
this point by experiment, we find 
f|rom being fulfilled. In fact, a very 
any substance shows that the law 
ximation ; for, while some spectral 



how< 



ha vi 



become 



ppro 



* Mature, to!. CO, p. 178. 
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sidcrahle resolution in the magnetic field, other lines 
sa|me wave-length, in the same substance, are scarcely 
This deviation is most interesting to those who con- 
vvith the ultimate structure of matter, for it shows 
amism which produces the spectral lines of any given 
of the simplicity postulated in the elementary theory 
effect. 



is 
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S\ should be 
obeyed sf we ta 
we find that it 
into a series of 
spectrum be ar 
group being den 
group by A a , B J: 
Aa, As, &c, hav 
say, they are 
corresponding 
*>,'m, and are 
thus led by this 
into natural g 
suspect that the 
the same ion, 
really a com pi 
gives rise to eer 
an atom in 
own peculiar 

The genera 
able fact that if 
for example, as 
into which the 
above, correspc 
other of these 
change of 
corresponding 
the conclusion 
in part at 
group. 

It will be 
presented ex- 
have been met 



least 



actl 



INOUOANIC EVOLUTION. 



[chat. 



to the prediction of the simple theory, the separation 
proportional to A. 3 , and although this law is not at all 
ke all the lines of the spectrum as a single group, yet 
obeyed for the different groups if we divide the lines 
groups. In other words, if the lines of a given 
ranged in a series of groups, the lines of the first 
oted by the letters Ai, Ei, Ci, . . . , those of the second 
, d, , . ., and so on, then the corresponding lines A 1t 
3 the same value for the quantity ejm, or, as we may 
produced by the motion of the same ion. The other 
ines, Bi, B->, B3, &c, have another common value for 
produced therefore by a different ion, and so on. liVc are 
magnetic effect to arrange the lines of a given spectrum 
, and from the nature of the effect we are led to 
corresponding lines of these groups are produced by 
d therefore that the atom of any given substance is 
x consisting of several different ions, each of which 
;ain spectral lines, and these ions are associated to form 
peculiar way which stamps the substance with its 
properties." 

law announced by Preston states the further remark- 
we consider a group of chemically related metals sneh, 
magnesium, zinc, find cadmium, then the sets of lines 
spectrum of any one of these may be divided as 
nd set for set with those into which the lines of any 
metals arc divided, in sneh a way that the magnetic 
frequency (or e'm) for any one set is the same as that for the 
in each of the other metals. This seems to point to 
,hat the metals of the same chemical group are built up, 
, of ions which are the same in all the metals of the 



roups, 



a:i 



so ne 



abundantly seen, then, that these new inquiries have 
y the same difficulties as the old ones, and that they 
in exactly the same way, by establishing the fact that 
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THE MAGNETIC PERTURBATION OF LINES. 



the spectra of elementary substances arc not produced by the vibra- 
tion of similar " atoms " or " ions," but by a series of different ones. 

It is already pretty obvious that when ordinary spectroscopic obser- 
vations, and the evidence supplied by " series," and these magnetic per- 
turbations are completely correlated, we shall have taken i. long step 
forward 
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ions 



in 



In the three prev 
methods of inquiry 
hypothesis. I ha 1 
expected when the 
determination are 
plified and foresha 
work on yttria. 

For the first 
wait till 1883. Ii 
a Bakerian Lectur|e 
on yttria. In the 
which he had beer 
split up this stabl 
were not yttrium 

Subsequently 
mingham meeting 
donation which 

The importan 
dissociation lies 
various lines of 
Crookes was led 
question- — that 
to make anything 
work he found 
yttrium molecule 
chemical resources: 
that other similr 
would also be r 

I now quote 
a' veritable new e 

" Broadly spo, 
chemical reaction 
in the behaviour 
in an incomplete 
bases present is s 



XIII.— " FRACTIONATION " EVIDENCE. 



s chapters I have endeavoured to show that new 
in the physical field all support the dissociation 
•e next to show that similar confirmation may be 
present ineffective chemical methods of analysis and 
replaced by more stringent ones, such as those exem- 
lowed by Sir William Crookes's patient fractionation 

ileimite chemical confirmation of my work I had to 
that year Sir William Crookes gave an account, in 
to the Royal Society, of his beautiful researches 
lecture he gave a sketch of the train of reasoning by 
led to the opinion that systematic fractionation had 
s molecular group into its " constituents," and these 
md oxygen, aw they should have been. 

an address to the British Association at the Bir- 
in 18S6, he gave an account of the method of frac- 
led to these results. 

of the work on yttria in relation to the question of 
the fact that by the variation in intensity of the 
phosphorescence spectrum of yttria, Sir "William 
to the view that more elements than one were in 
ordinary chemical processes had been quite unable 
but an element out of a mixture. As a result of his 
e components " by a veritable splitting up of the 
" This obviously strengthens the view that if our 
were much greater than they are, the demonstration 
lar .changes of intensity in the spectra of other elements 
achieved. 

Sir William Crookes on his method, which constitutes 
igine of chemical research. 

iiking, the operation consists in fixing upon some 
in which there is the most likelihood of a difference 
j>i the elements under treatment, and performing it 
manner, so that only a certain fraction of the total 
iparated : the object being to get part of the material 



had 
cc 
i i 
the 



the 



fiv 
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FliACTIOXATIOX EVIDENCE 



in the insoluble, and the rest in the soluble, 
must take place slowly, so as to allow the 
nature of the case, are almost equally balanced 
play. Let us suppose that two earths are present 
chemical properties, but differing !>y an almost i 
in basicity. Add to the very dilute solution dil 
amount that it can only precipitate half the bases; 
tioji must be such that ii considerable time elaj 
begins to show turbidity, and several hours will 
the full effect of the ammonia is complete. On 
earths divided into two parts, and we can easi 
there is a slight difference in the basic value of th 
earth, the portion in solution being, by an almost 
more basic than that which the ammonia has 
minute difference is made to accumulate by a sy 
it becomes perceptible by a chemical or physical 

With reference to the result to which this m<. 
hitd led him, 1 will quote his own words,* re 
instance that crude yttria from samarskite, gt|' 
other similar minerals, is the raw material. The 
free it roughly from earths of the cerium group : 
taking advantage of the fact that the double su 
sium and the yttrium metals are easily soluble in 
sulphate solution, while the corresponding doubl 
cerium group of metals are difficultly soluble 

" Xo longer than twelve months ago the na 
perfectly definite meaning to all chemists. It 
elementary body, yttrium. I have in my pos 
vttria from M. de Marignac (considered by him 
chemist had hitherto obtained), from M. Cleve (ci 
mum '), from M. de Boisbaudran (a sample of v; 
this eminent chemist as ' scarcely soiled by trf 
and also many specimens prepared by myself a| 
purified up to the highest degree known at the 
l'racticallv these earths are all the same thing, 



state. 
;ifmiities- 



impercepti 
u ;e 



The operation 
-which, by the 
-time to have free 
almost identical in 
ible variation 
ammonia in such 
present. The dilu- 
tes before the liquid 
iave to elapse before 
filtering we have the 
y imagine that now 
3 two portions of the 
rceptible amount 
precipitated. This 
stematic process until 



imper 



;ite 



evcrv living chemist would have described th 



em 



the oxide of the element yttrium. They are 
one from the other, both physically and chemieal|l 
phosphorescent spectra in menu with cxtraordinar 
what I formerly called yttria., and have more rec 
Now these constituents of old yttrium are not 
any more than praseodymium and neodyuiimn ( 
* ChetiMal Seira vol.liv, y. 1 ICC. 
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test. 

st laborious research 
marking in the first 
lolinite, cerite, and 
first operation is to 
which is effected by 
Iphates of the potas- 
saturated potassium 
e sulphates of the 



i ne 
in 3a 



yttria conveyed a 
nt the oxide of the 
-session specimens of 
to be purer than any 
lied by him 1 purissi- 
hich is described by 
:s of other earths '), 
different times and 
time of preparation, 
and up to a year ago 
as identical, i.e., as 
indistinguishable 
y, and they give the 
brilliancy. This is 
tly called old yttria, 
impurities in yttrium 
ussuniinc; them leallv 



almost 



en 
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to he elementary) w> 
ii veritable splitting i 



INORGANIC EVOLUTION, 
odkl 



[CHAP, 



be impurities in didymiitm. They constitute 
]j of the yttrium molecule into its constituents," 



THE YTTRIA SPECTHVM 

II ill . .11 

lOISA'Kitter 0F YTT 
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Fig. 37. — Showing how 
d life rent substances 
the phosphorescent 1 



bjr the method of fractioi ation Tttria is separated into five 
defined spcctroseopically by the different intensities of 
lbes. 



lght 



"The final result 
five, and probably e 
Taking the constituent; 
analogue of refrangibi 
blue band (A 482) ; 
which has increased 
then come a close pai 
mean A 545) ; then a 

(y 647) ; next a y 
(iy (A 564) ; this (in ; 
orange line So (A 609) 
part of the series. T 
for the present I havi 
occupied with the 
(jjt, and green band, 
(samarium." 

So far as I know 



more 



to which I have come is that there are certainly 
, constituents into which yttrium may be split, 
■s in order of approximate basicity (the chemical 
iity) the lowest earthy constituent gives a deep 
then there is the strong citron band G3(A574), 
sharpness till it deserves to be called a line; 
r of greenish-Llue lines, UjS (A 5-19 and A ,541, 
red band, G£(AjG19), then a deep red band, 
>v hand, Ge (A 597) ; then another green band, 
amarskite and ccrite'yttria) is followed by the 
The samarium bands remain at the highest 
icse, I am satisfied, are also separable, although 
scarcely touched them, having my hands fully 
easily resolvable earths. The yellow band, 
Gy, may in fact^ be due to a splitting up of 



e lov 



Sir William Crookes has not vet nuned the 
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' .FRACTIONATION' EVIDENCE." 



elements differentia, 
refers ; but more 1 
another research, hay 
characterised by a 
The discovery of \ 
rewarded his efforts. 

By following up 
Crooke-j h;is already 
argument, if one w 
(.hieed not by similar 



ted 



by the lines of the wave-lengths to which he 
■ecenlly, still dealing with yttria, he has made 
'ing for its objective the separation of the element 
group of lines in the neighbourhood of A 3110, 
ictorinui with an atomic M'eight near 117 ha a 



the spectroscopic evidence, then, Sir William 
"split up" one "element" into five; another 
needed, that the spectrum of an element is pro- 
bnt by dissimilar molecules. 



ere 
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BOOK IV.— OBJECTIONS TO THE DISSOCIATION 
HYPOTHESIS. 

Chap. 3tlV. — Tiiii Chemistry of Space. 



nini] 



title 



I have how to rcfei 
against the views to w 
last thirty years, view 
the tangle in which 
work have one after tl 
immediately preceding 
similar inquiries. 

The objections to 
place have to clo with 
think legitimately, 
fundi lies with objec 
Metcoritic Hypothesis 
parts of space. Neith 
the ultimate ehemistijy 
special differences wh 
recent years was a si 
for miracles. On this 
happen, in others not ; 
space provided us with 

But quite rccentl 
conditioning of space, 
meet is that the varioi|i 
to chronicle as definin 
a! tout by temperature, 
of space varies, so th 
their environment, s 
gases, others of hydro 
carbon, and so on 

But it is assumed 
as these, so that only 
star. This view of s 
he supported hy the 
particular parts of sp; 



to certain objections which have been urged 
hich I have been giving expression daring the 
which seemed to me to indicate a way out of 
both laboratory, solar and stellar spectroscopic 
ie other landed me, and as I have shown in the 
chapters, others after me, engaged in somewhat 



ice 



which it is of most importance to refer in this 
the stellar evidence. I have supposed, and I 
1 the contrary is proved — that is, the onw j>rth 
•;ors— that the materials out of which, on the 
worlds are eventually formed, are similar in all 
r Kant nor Laplace thought of differentiating 
of the material, and indeed the only view of 
h has been put forward to my knowledge in 
one suggested by a learned divine to account 
theory, in certain parts of space miracles might 
and the movement of the solar system through 
the necessary changes of this condition. 
' this view has been extended to the chemical 
and the first most general objection I have to 
s spectra] differences which it has been my duty 
* the various groups of stars, are not brought 
but are due simply to the fact that the chemistry 
it in consequence of their locus of origin and 
stars may be composed chiefly of the cleveite 
gen, others of calcium, others of iron, others of 



one 



pat- 



that there may he some cases, not so extreme 
the retu live composition may vary from star to 
e divided into chemical parishes is supposed to 
lleged localisation of stars of the same type in 
(as indicated by proper motions, Arc.). 
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thi 



some 



the 



A possible rem ran mi of such chemical differentiation iva 
suggested by Dr. Wolf, who in 1800,* misled by Sir Wn 
statements concerning the chemistry of the nebulae, end 
explain their spectra, and therefore their chemical 
distinguished from that of stars, in a way that will be ga 
the following extract: — 

" If we admit the data of spectrum analysis as to the g; 
of these singular bodies (the nebula;), and the simplicity of 
position, one is led to see in thein only the residuum of 
matter after condensation into suns and into planets has ext 
greater parts of the simple elements which we find on the 
chemically in some of the stars." 

ft will be seen that M'olf considers only the differ 
nebula? from suns by the "extraction of matter" by 
local action. The chemistry was general to begin with, 
duum was worked up. 

Dr. Schuster, however, has more recently gone further 
ing however from a general chemistry :— 

""We have no reason to believe that the nebula? of the 
resemble our sun's ancestor. Some of the stars which are 
early stage of development, may be forming through the ec 
of matter which has been left over by others ; and it wo 
surprising if the youngest star did not agree in cons: ' 
aged companions. "t 

Let us suppose then that the number of different c 
in space is legion to begin with, and that by such fiction 
suggested by Drs. Wolf end Schuster more differences are 
surely the stellar differences must be legion too. I would 
the more such causes as these be added to a hypothetic 
tribution of different kind of matter in space, the more 
the chemical constitution of stars should be found. But th 
according to the facts. 

While the number of chemical elements known at the 
is over seventy, the number of well-marked groups of stars 
if we take one side of the temperature curve; that is, if w 
stars increasing or stars decreasing their temperature, W 
fied in using one fide only, because the spectra of stars 
sides of the temperature curve indicate precisely the saim; 
though the percentage composition of effort hv absorbing 
different in the two cases. At the same temperatuie on o 



3, I believe, 
Huggiiis' 
ejavourecl to 
constitution as 
tnered from 



iseous state 
their com- 
pHmitive 
r acted the 
earth, and 



entiation of 
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previous 
:n the resi- 



still start - 

■esent day 
now in an 
ndensation 
dd not be 
t with its 



StltUtlUl 

hemipal parishes 
s as those 
established, 
i submit that 
irregular dis 
deferences in 
is is not so 



esent tim e 
s only ten, 
deal with 
e are justi- 
opposite 
elements, 
regions is 
priosite sides, 



on 



* Hypotheses Cusmugoniqats, vi, 7. 
t Proc, Hoii. Hoc, vol. Gl, p. 209, 
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tar 



star 



the 



the chief difference is in the inv 
and the metallic lines. 

Hence the faets are distinctly 
parishes in space ; they also suj 
conceding possible variations in 
ground an infinite variety of spc 
stated, the number of weli-mar 

Th u Sun, Capella, and Arctui' 
separated in space, contain the 
intensities, so ihat not only do 
they contain them in ubxolufrlif 
hotter stages of such stars could 
mixtures. 

Again, all the blood-red s 
are near the point of extinction 

Another strong argument a 
is that each particular kind of 
same degree of stellar temperat 
tions. chiefly the extension of 
differences of chemical composi 
equal temperatures. 

"We are therefore justified 
recorded in stellar spectra do 
composition of the elements 
ferent temperatures in the same 
are explained, I must hold that 
get the same elements represent*: 
stars when the apparent di 
to which I am now referring, 
elements, but of the absence of 
ment, which separates the spect[- 
of various orders. 

Having said so much rega 
now proceed to discuss the 
brought forward in support of 
certain chemical groups of stars 
from the faet that certain of 
found )n certain regions. This 
tive one merely, that is, dependi 
but upon their absolute absence 

1 propose to discuss this 

Since we can only deal with 



ci eion of the intensities of the hydrogen 



against the view of different chemical 
gest that we are not justified in even 
the percentage composition. On this 
tra might be expected, but, as already 

groups is ten. 
us, and other cooling stars, enormously 
e spectral lines with almost identical 
t hey contain the same " elements," but 
idmfiml -propoiiiow. The earlier and 
not therefore have consisted of different 



ked 



earn 



s, which it is generally acknowledged 
have practically identical spectra, 
nst the objection now under discussion 
spectrum is always associated with the 
ure as determined by other consid era- 
spectrum into the ultra-violet. With 
(ion, different spectra would occur with 



que st 



arc visible, it is obvious that 



[CHAV. 



in the conclusion that the differences 
not come from a different percentage 
but arise from the action of dif- 
molecules ; and until the above facts 
the argument is complete that we do 
d by different spectral lines in different 
5 are such as to suggest the objection 
t is not a. question of the absence of 
iain violemhtr complexities of each elc- 
um of the sun from those of the stars 



prssent 



fferences 



cer 



irding the objection generally, I must 
ly piece of evidence which has been 
it, namely, the alleged localisation of 
in particular parts of spaee, arising 
the chemical elements arc only to be 
localisation is not held to be a quantisi- 
ng upon varying proportions of elements, 
here and there, 
ion in the following way. 
the masses of matter in space which 
y inquiry into the distribution of the 
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ir 



chemical conditionings, as revealed by spectra, of these 
preceded by an inquiry into the distribution of the visible 
sidered merely as masses, and quite independent of chemistry 

We must therefore first deal with the general 
stars and nebula 1 , independently of their chemistry. That 
a general idea of our stellar system. 

Having this as a basis, we can next see whether stars 
chemistry are seen along the same radius (taking our sohi 
the centre) or the same direction in space. Next, taking 
account, we can see if there be any proof of different 
so to speak. 

It must be borne in mind that « <j miter or h'ss proportioi 
the same chemical quality in certain regions will not touch 
We can only deal with demonstrations of the absence 
chemical elements in certain regions, so far as the stars 
evidence. 



masses must be 
masses, cou- 



distribntion of the 



dist 
chem 



of the same 
system as 
anees into 
ical shells, 



the 



suppl 
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of stars of 
question, 
of certain 
v us with 
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Chap. XV.— The Genekal Dlstrikltiox of Stars. 



looks 

tll3 



ea.';i 



The labours oi 
clusively proi 
is dominated 1 
naked eye 
known since 
that it is com 
percentage of 
its plane ; it 
ferent schools 
or telescope 
multitude of st 

The Milky 
to the earth's c 
^ e know noth 
it has its impor 
at two opposite 
and Monoceros 
of greatest d 
constellations, 
tion of the N 
called, is in E. 

When we 
find that from 
some part of 
separates these 
hemisphere, a. 
right ascensior 
tion Cygnus, v 
The distance a 
Milky Way, w 
that, in add 
the Milky Wa; 
angle of somet 
spond appr 
other. In shoi 
mena of the ^ 



posed 
the 

do 33 



three or four generations of astronomers hare con- 
that the distribution of the stars well within our ken 
y the Milky Way. Although the Milky Way to the 
very unlike the other parts of the heavens, we have 
time of Galileo that the difference arises from the fact 
of a tremendous multitude of stars, a very large 
masses of matter which compose our system lying in 
not merely represent a fiery or igneous fluid, as dif- 
thought it did in the olden days. A small opera-glass 
ly shows us that we are in presence of an innumerable 
trs. 

Way is a great circle inclined at an angle of about 62 
^uator or to the equatorial plane extending to the stars. 
:ng, of course, of the reason for that angle of 62', but 
tance, because not only must the belt cross the equator 
points, as it does in two opposite constellations, Aquik 
but the poles of the Milky Way must lie at the points 
ance from the junction with the equator in certain 
These are Coma Berenices and Sculptor, and the posi- 
galactic pole, as the north pole of the Milky Way is 
.. 12 b, 40 m. Dec. -I- 2S\ 

e to look at the Milky Way a little more closely, we 
two points in it branches are thrown out, so that over 
oi-bit, so to speak, it is double. The great rift which 
two parts of it begins near a star in the southern 
tauri, and it continues for more than six hours in 
until the two branches meet again in the eonstella- 
hieh is well within our ken in the northern heavens. 
>ai t of the middle lines of these two components of the 
here the split is most obvious, is something like 17 C , so 
to the angle of C2" from the ecliptic, in some part of 
there is another offshoot springing out of it at an 
ling like 17". The regions of greater brilliancy corre- 
ly to the places where the branches intersect each 
t, there are sundry indications that the whole pheno- 
>|filky Way may become simplified by treating it as the 



isit 



conu 



Cen 



lition 



oxi natel 
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HDt 



til 



mined 



scie 



resultant of two superimposed ga 
recently was that the Milky Way is 
thought the sun was not situated in 
stars was likened to a millstone split 
William Hersehel's first idea. But 
in Argentina, has shown that it practi 
that may he, in one part of the hein 
appears as a single, very irregular 
appears to lie duplicated. 

This galaxy of stars is full of w 
We find in it indications of delicate 
apparently coming hack strengthened 
clusters clinging to those streams, a 
curdled, which is the only term which 
ing. In one region we may find it ah 
stars; in another we may find it 
another we may find it mixed not on 
a. great number of hright-line stars 
Way, hut in the nebula itself. 

We have now, fortunately for 
these different regions which give us 
of stars in some parts, and of the s 
are seen in the Milky Way from r 
regular river of nebulous matter rus 
elsewhere the galaxy seems to tie itst 
duality in almost every part of it, w 
graphic plates ; practically there a; 
photographs bring before us the cur 
different regions, and finally the conn 
stars with obvious nebulous matter 
to form an idea of the general eond 
the Milky Way. 

The next important point is that 
the Milky Way is not limited to On-. 
really a gradual increase from the po 
find the smallest number of stars. It 
all the information, for the reason that 
measures; they take different units 
to be occupied by stars from the pole 
also the numl.er of stars in the north 
as the number in the southern hemis 
may say, if we represent the number 
four, the number of stars in the gala 



xies. The general view till 
i great circle, because it was 
its plane. The whole mass of 
along one edge, which was Sir 
e recent work, chiefly of Gould 
sally is a great circle. However 
ens this wonderful Milky Way 
stream, and in another part it 



ohderftil majesty and complexity, 
markings going out into space, 
. of streams in all directions; of 
id so on. In other parts it is 
I can use to express my mcati- 
olutely free from any important 
with obvious nebula ; and in 
iy with obvious nebula, but with 
itvolved not only in the Milky 



str 



c; 



1: 



nice, priceless photographs of 
in idea of the enormous number 
eams of nebulous matter which 
egion to region. Here we find a 
hing among thousands of star.", 
If in knots. There is an inclivi- 
dch we can study on our photo- 
e no two parts alike. Other 
appearance which is visible in 
ection of the infinite number of 
n this way, then, we are enabled 
ing of things as we approach 



dhd 



ltiom 



le enormous increase of stars in 
plane itself, but that there is 
es of the Milky Way, where we 



s not very easy to bring together 



different observers give different 
■ the space they have determined 
towards the galactic plane; and 
rn hemisphere is not the same 
ere. Rut roughly speaking we 
of stars at the galactic pole by 
ic plane will be about fifty-four. 



ph 
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The 
of stars 
reflecting te 



following table will show the gradual increase in the number 
from the pole to the plane, as seen by the Ilerschels with a 
escope of IS inches aperture and 20 feet focal length : — * 



IN'OHfJAXIC EVOLUTION. 



[chap. 







Average number of stars per field 
of 15'. 


Gala: 


tic polar distance. 






Nortliern. 


Pon Hi urn. 




0°-15° 

1.5-30 

30-45 

45-60 

60-75 

75-90 


4- 32 

5- -J2 
H 21 

13 -61 
24 '09 
5;i '43 


6 'OS 
B'62 
9 '08 
13-49 
26 -29 
69-06 



:isid 
dec! 



are 
and 



the 



A con 
between ( 
that there 
40 rains., i 
he remarks 
Way in the 
close asseml 
nature of 
ance of the 

Although 
especially of 
of stars with 
of bright stars 
projection 
glimpse of 
Dr. Gould i 
found that 
entire ei 
that of the 

Gould, w 
observing tl 
opposition 
heavens lie. 

When h 
see whether 
through the 



eration of the distribution of stars in right ascension 
inations 15° X. and lu' S., led Struve to the conclusion 
well marked maxima in I!. A. fi hrs, 40 mins. and 18 hrs. 
minima in li.A. 1 hr, 30 mins. and 13 hrs. 30 mins.; 
that the maxima fall exactly on the position of the Milk}' 
equator, and further states that "the appearance of the 
lage of stars or condensation is closely connected with the 
Milky Way, or that this condensation, and the appear- 
Alilky Way, are identical phenomena." 
the Milky Way dominates the distribution of stars, and 
the fainter stars, it does not appear to be the only ring 
which wc have to do. Sir John Ilersehc) traced a zone 
s in the southern hemisphere, which he thought to be the 
a subordinate shoot or stratum. That was the first 
new discovery, which was subsequently established by 
n his work in the southern hemisphere at Cordova, lie 
e was a stream of bright stars to be traced through the 
of the heavens, forming a great circle as well defined as 
ralaxy itself, which it crossed at an angle of about 25°. 
hile in the southern hemisphere, had no difficulty in 
at along this circle, which we may call the Star Way, in 
the Milk}' Way, most of the brighter stars in the southern 



cf 



t tier 
rcnit 



to 



subsequuently came home lie made it a point of study to 
he could continue this line of bright stars completely 
noithern hemisphere, and he found no difficulty. So that 

* Outlines of Astronomy, ITcr-idiel, pp. 335, 536. 
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axv 
true 



si 



gre, 



wc may now say that the existence of this supple 
indicated by the line of extremely bright stars, is be;,' 

I quote the following from what Gould h 
subject : — * 

" Few celestial phenomena are more palpable 
istenee of a stream or belt of bright stars, in chid i 
and AliMiniftH, together with the must brilliant ones; 
Colttmbit, d.tiiis Mnjnr, Orum, &C. t and skirting the 
preceding side. When the opposite half of the gal 
it was almost equally manifest that the same is 
bright stars likewise fringing it on the preceding 
stream which, diverging from the Milky Way at 
Ceniauri, comprises the constellation Lupus, and a 
;tnd extends onwards through Ophivchus towards L 
circle or zone of bright stars seems to gird the si 
the Milky Way at the Southern Cross, and mani 
although far more conspicuous upon the Orinu side 
Upon my return to the North, 1 sought imniediat 
place of intersection : and although the phenome 
clearly perceptible in this hemisphere. I found no 
mising the node in the constellation t'o.ssiopeut, w 
opposite to Cmy. Indeed it is easy to fix the rig 
northern node at about 0 hr. 50 inins., and that o 
.at 12 his. 50 mins. ; the declination in each case 
these nodes are very close to the points at which 
proaches most nearly to the poles. The inclination 
the Milky Way is about 25', the Pleiades occupyinj 
between the nodes." 

Gould also had no difficulty in showing that th 
stars to which I have just referred, at all events of 
than the fourth magnitude, is more symmetrical in 
star line than to the Milky Way itself, and thajt 
bright stars in any region of the sky is greater 
this new star line becomes less. Practically ;> 
.stars can lie brought together into a cluster, 
Milky Way altogether — a cluster he points out of 
.and bifid form. 



Connedmi of the Hilly JFay with X 



Xot only do M'e find that the stars are very 
ne.ir the Milky Way than elsewhere, but that the 

* Amer. Jour. Sei., vol. viii, p. 332. 



RS. 



12/ 



cntary Star Way, 
:ond all question, 
written on this 



afc 

there than the ex- 
ng Caiiopits, Siritts, 
in (hriita, Puppis, 
Milky Way on its 
: came into view, 
there also, the 
ide, and forming a 
he stars a. and jS 
at par t of Seoiyio, 
.!/)■«. Thus a great 
y intersecting with 
est at all seasons, 
than on the other, 
kly for the northern 
ion is by far less 
difficulty in recog- 
is diametrically 
it ascension of the 
the southern one 
ibout 60 J ; so that 
the Milky Way ap- 
of this stream to 
a position midway 

group of the fixed 
fixed stars brighter 
relation to this new 
the abundance of 
the distance from 
of the brightest 
independent of the 
somewhat flattened 



hich 



■is; 
00 



h tthi: 



nmch more numerous 
same thing happens 



©2010 Forgotten Books 



www. forgottenb ooks.org 



128 



diseu 
that 



with regard to the planetary 
present discuss with any advanta 
classed as nebula; in the different 
of which we know ahsolutely n 
those points about which we can 

Xot only do we find stars 
number as the Milky Way is 
ters also increase towards the 3 

BauschingerJ (1S89) in a re 
Catalogue " {7,t>40 objects), 
classes of objects and found 
course resolved clusters, and pla 
the galaxy. 

Mr, Sydney "Waters some 
together the nebulas and the staj - 
most unmistakable manner, that 
nebula* and stars generally, are v 
of the Milk}' Way than they are 

It is striking to note the 
not only the main track of the } 
and streams, while the remark 
nebula?, excluding the planetary 
noted by Sir Wm. Herschel. 

We have seen, then, that the 
in the plane of the Milky Way, 
nebula; and the greatest number 
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nebul 



othing. 
be 



pe. Xebuhe generally we cannot at 
ge, because there are very many bodies 
catalogues about the physical natures 
I shall only call attention to 
most certain, 
and planetary nebuhe increasing in 
approached, but the undoubted star clrn- 
Milky Way in a marvellous manner, 
view of- Dr. Dreyer's " New General 
ssed the distribution of different 
star clusters, by whieh he means of 
ictary nebuhe congregate in and near 



Mi 
rkaM 
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XV. 



our years later, in 1893, brought 
clusters on maps whieh showed, in a 
the star clusters, like the planetary 
^ry much more numerous in the plane 
n any other part of the heavens, 
fidelity with which the clusters follow 
ilky Way, but also its convolutions 
e avoidance of the galaxy by the 
nebulae, is obvious ; it was indeed 



greatest number of stars congregate 
and the greatest number of planetary 
of star clusters. 



V.J. S. Ait. Ges., vol. sxiv, p. 43. 
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\.. In Relation to Direct-Urn. 



sta r 



The most convenient way to con 
chemical groups of stars, is to 
base, as we have already done 
of matter independently of all 
particular chemical species of 
avoids it. In this way the new 
with the older molar one. 
I will begin by leaving dis 
At present it will be sufficie 
more generalised classification 
follows : — ■ 

Highest 



take 



re 



iidcr the distribution of the various 
the plane of the Milky Way as a 
garding the stars merely as masses 
chemistry, and to note whether any 
■s congregates in the Milky Way or 
lecular inquiry will be on all fours 



no 



stances out of consideration. 

t for our purpose to deal with the 
(already given on p. 72), which is as 



Gaseous stars 



{ 



Proto-metallie stftrs 
.Metallic stars. 
Stars with fluted 
Lowed 



In discussing the work of oth 
transposed the different notations 
above, and in some cases the tw 
require to be considered. 

The first attempt at such an 
Diin^r,* who had made himself 
on two different classes of stars 
being defined by carbon flirtings 
the other. His work was practi 
stars — the stars, that is, with 
anxious to see how they were d 
these stars in varying parts of 
Way. He found that the numb 
The table I give will show the ge 



* Etoilfs de la h 



Tempera tun'. 
Proto-hydrogen stars. 
Cleveite-ffas stars. 



spectra, 
Tenrpcruttire. 



3r observers I have, as far as possible, 
employed into the chemical one given 
■ arms of the temperature curve will 

nquiry as this was made in 1SS4, by 
famous by his admirable observations 
—those which I have referred to as 
n one case, and metallic flutings in 
cally the only research on the carbon 
arbon flutings. He was, naturally, 
istributed, and he gave the number of 
the heavens in relation to the Milky 
ers increased towards the Milky Way, 
leral result at which he arrived. 



oisiim" Clasxe, p. 126. 
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We saw 
gression in 
to the plan 
the plane. 
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in the ease of the ordinary stars that a very rapid pro- 
number is to lie noticed from the pole of the Milky Way 
: ; we had three stars at the pole when we had fifty-three in 



Distance 
fruni galactic pole. 



Number. 



Mean magnitude. 



0°-35 3 3 6-6 

35 -(50 8 fi'6 

fiO -70 S 7'2 

70 -80 13 7-4 

SO -90 2!) 8-3 



DuncY 
tinctly an 
that the i 
starting wi 
Although 
toward? 
taken ; 
stating that 
Way 



the 



Th jy 



That 
that he 
logne, 
in relatior: 
on hierog 
different 



: oiind, with regard to his carbon stars, that there was dis- 
crete from the pole towards the plane, hut we observe 
ate of increase is very much less in this case ; so that, 
th three at the pole, he only found twenty-nine in the plane, 
then it was true that the number of stars did increase 
Milky Way, they did not increase so rapidly as the stars 
whole ; still, from his observations, we are justified in 
there is an increase as we approach the plane of the Milky 
are, therefore, not limited to the plane. 



POLE 90 



UT 




H l« 56 t« jo- 

Fig. 3 8.4- Comparison of relative numbers of stars generally and carbon still's. 



in 1884. In 1891 Professor Pickering, when he found 
collected something like 10,000 stars in the Draper cata- 
n to consider their distribution in different parts of space 
to the then classification, which was practically one founded 
yphics, since we knew very little about the chemistry of the 
bodies at that time. 



ivas 
had 
bega 
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the 



not 



el ;is 



He found that the Milky Way was due to an ag 
stars, by which he meant, as we now know, ver 
hottest of them, that is the gaseous ones, exist mor 
Milky Way than do the others. The proportion!; 
metallic stars in the Milky Way was greater for 
for the brighter ones of this kind, and that at on 
hility that in the Milky Way itself there is 
absorbs light ; so that the brightest stars are apt 
brightest, but apparently bright because they hav 
absorption, and that those which have suffered this 
veiy much further away from us than the others of ; 
He also arrived at this extremely important con 
the metallic stars, that is, stars like our sun, stars n: 
old age, had no preference for the Milky "Way at 
distributed all over the sk}\ With regard to the gi 
by metallic flutiugs in their spectra, he has no iiifc 
any more than Duner had, for the reason that th 
and they have not yet been completely studied. 

Only last year this inquiry was carried a 
Mr. McCIeari, who not only photographed a 
stellar spectra in the northern hemisphere, but su 
the Cape of Good Hope in order to complete the 
to the stars down to the third or fourth mag 
observe there. He was very careful to discuss, in 
Way and certain galactic zones, the distribution of 
of stars which he was fortunate enough to photogr; 

He found, that if we deal with the gaseous stars 
north and south polar region are small, and that 
the Milky Way are greater, so that finally we can 
bodies are distributed. If we take the gaseous 
hottest stars, we find the smallest number in the 
we take the metallic stars we find practically the 
events a considerable number, in the polar regions 
therefore, is that the gaseous stars are mostly c 
zones, the proto-metallic stars, that is those down 
nitude, are not so confined. AVhat is also shown 
fluting stars are practically equally distributed ovei 
and over the plane of the Milky Way itself; so 
we get for these stars very much the equivalent of 
at by Duner for the carbon stars, that is to say 
ference for the Milky Way. 



gregation of white 
hot stars, and the 
e obviously in the 
number of proto- 
fainter stars than 
te suggests a possi- 
something which 
to be really the 
: not suffered this 
absorption may be 
similar chemistry, 
ion, namely, that 
ore or less in then- 
all, but are equally 
onp of stars known 
rmation to give us 
number is small, 
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eir 



stage further by 
considerable number of 
sequently went to 
y with reference 
e which he could 
ation to the Milky 
the various kinds 



i ph. 

the numbers in the 
the numbers nearer 
exactly how these 
jhat is to say the 
regions ; but if 
number, at all 
The general result, 
to the galactic 
to about mag- 
that the metallic 
the polar regions 
, in that respect, 
the result arrived 
ley have little pre- 



polar 
largest 



onfmed 



thit 
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I should 
views with re 
tied with ne 
by the fart 
to say, we 
tion phenome 
the first i ust 
the chemical 



the 



SET 



brl 
tint 
deal 



i: le 



mo. 



as stars, hecat 
or so far away 
Since that 
the American 
of cases they 
must classify 
and the bright 
stars, with a d 
in the case ol' 
tions of the 
light which Wit 
star, and can 
stars, inasmuc 
absorption 
probably those 
dark ones 
these condition 
it looks as if \v 
of being neb ul 
in eonserjiicnc 
which is fallin 
mass by the c 
of these stars, 
was a wonderful 
Milky Way : 
plane ; the < 
being limited 
the greatest 
storv in 1891 



and 



Th 



jal 
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Biii]ht-line St: 



, are the results with regard to the stars having obviously 
ir spectra, but besides these there are many so-called 



that there has necessarily been a change of front in our 
ganl to these bright-line stars since they were first classi- 
*?. The nebula? are separated generically from the stars 
in their case we have to deal with bright lines, that is 
only with radiation phenomena, and not with absorp- 
a, as in the ease of the stars so far considered ; and in 
e it was imagined that the bright-line stars were, from 
jj>oint of view, practically nebula', although they appeared 
se the brightest condensations of them were so limited 
that they gave a star-like appearance in the telescope, 
first grouping of bright-line stars, by the work chiefly of 
astronomers, it has been found that in a large number 
re dsn dark lint.'* in their sperint, and that being so we 
:;hem by their dark lines instead of by their bright ones; 
line stars thus considered chiefly turn out to be gaseous 
'ffhvnre. What is that difference ? It is this, I think; 
the bright-line stars we are dealing with the condensa- 
st disturbed nebula? in the heavens, together with the 
}■ get from the nucleus of that nebula which appears as a 
be spectroscopically classified with the other dark-line 
i as the surrounding vapours close to the star produce 
therefore give tis dark lines ; other parts of the nebula;, 
further afield, give ns bright lines which mix with the 
ere fore we get both bright lines and dark lines under 
So far as the result goes up to the present moment, 
e have now to consider that these bright-line stars, instead 
£ merely, are gaseous stars at a very high temperature, 
3 of the fact that the nebula which is surrounding them, 
* upon them, is increasing the temperature of the central 
lange of vis run into heat. Pickering,* in his discussion 
had thirty-three to deal with, and he found that there 
tendency among these to group themselves along the 
tt very few of them, in fact, lay outside its central 
uctie latitude, the distance in degrees from the plane 
the generality to only 2", and the greatest departure, 



1b 



m 



galactic latitude, was something within 9\ That was the 
Two years afterwards Campbell, another distinguished 

* Axtr. Xach., Tio. 2025. 
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American astronomer, also interested 
bright-line stars, ;uul lie discussed them 
five as opposed to Pickering's thirty-th 



rimself in this question of the 
, his catalogue containing fifty- 
He found also that they were 
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collected almost exclusively in the Mir iy 
Milky Way practically none had ever hqen 
of this result I will indicate Iry and by 
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CO 



iv Way, and that outside the 
observed. The importance 
The central line of the man 
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(Fig. 39) represents the galacti 
along it the different galac 
below the plane a law degi 
are shown, sufficient to enable 
discussed to be plotted. Tin 



[chap. 



c zone, the plane of the Milky Way, ami 
longitudes are indicated, above and 
of galactic latitude north and south 
all the bright-line stars which Campbell 
map shows that all the bright-line stars 



tic 



■ess 





Fig. 40. — Photograph of a glass g'ob 
the Equator apd 



pi 



really are elose to the central 
of the fifty-five is more than E 
spur, so that we cannot really 
Tt is remarkable that the 
tribnted along the Milky Way, 
site regions, and there is one re 



n slit™ jug the relation of tlie Milky Way to 
1.0 Gould's belt of stars. 



!ane oi the Milky Way. Only one out 
5 from it, and this lies in u projecting 
lay that that is out of the Milky Way. 

bright-line stars are not equally dis- 
They are chieily condensed in two oppo- 
igioii in which they are markedly absent. 



se 
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Figs. 40 and 
indicated the Mi 
from it at one point 
together with G 
wafers indicate the 



My 



lould : 
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are photographs of a glass globe, on which are 
Way ; the secondary Milky Way, which starts 
of the heavens and meets it again, is also shown ; 
s Star Way and the equatorial plane. The dark 
positions of the bright-line stars. 



J* 



Fie. 41.— Tlie Milky 
belt of stars, s. 
(white wafers) an> 



We find that 
They continue aloi 
they end just after 
range of the Milky 
no bright-line star 



Way, where double In relation to the Equator and Gould's 
liOiving that the bright. line stars (dark wafers) and new stars 
limited to the Milky Way. 



tl:ese 



stars begin just before the doubling commences, 
g the plane, and are sometimes very numerous, and 
the doubling ends ; and we notice there is a long 
Way where it is single in which there is absolutely 
it all. It looks, therefore, very much ae if there is 
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hich 



tl.C 

t>l:ne 



nfc 



into 
itirel y 



direetio 



l( >us 



a something connected wi 
produces the conditions w 

By the labours of Du 
arc beginning to get very > 
various chemically ditferer t 
I have already noticed 
association of the brigh 
consider the nebula; from 
but here we are somewhat 

I have already stated 
the nebulas it is impossible 
there has not been sufficie 
number of observers at w 
which we now know of 
and those which are en 
and only give us what is 
go a little way in this 
noted. The point is to sett, 
tributioit of those nebuhe 
give us the so-called nebn 
which at present we liiiow \ 
spectra. It is clear that 
time, a great deal will be 1 
up to the year 1S94. If 
l egion bounded by 10 a ga 
the planetary nebula?, we 
with those which are 
number drops to five 
planetary but gaseous like 
a spectrum of bright Hues, 
the Milky Way, and only s 
known to have continuous 
we only imagine them to 
we cannot get a really tr 
tions are absolutely reverse 
plane of the Milky Way, 1 
that the percentage with: 
eighty-four in the case of 
give us bright lines, and in 
five. Therefore we get 
the bright-line stars and 



fi 

fur ,h 
. I: 



an 



spectra. 

There is another class 
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fch this doubling of the Milky Way which 

generate these bright-line stars, 
ler, Pickering, McClean and Campbell, we 
lefinite notions as to the distribution of the 
stars in relation to the Milky Way. As 
re can be no question as to the intimate 
stars with nebulas. We must next then 
the point of view of chemical distribution, 
: n a difficulty. 

that with regard to the general question of 
to speak with certainty, because at present 
time and there has not been a sufficient 
ark to classify the thousands of " nebula? " 

those which give us the gaseous spectrum 
r r different, apparently, in their constitution, 
e ailed a continuous spectrum. Still we can 
n by means of some figures which I have 
i whether there is any difference in the di.s- 
■ r hich are undoubtedly masses of gas, which 
5 spectrum, and those other nebula; about 
cry little, which give us so-called continuous 
on this point undoubtedly, at some future 
isarned. The figures I give bring the results 
*e take the region near the Milky Way, the 
ictic latitude north and south, and consider 
ad that there are forty-two ; but if wc deal 
er than 10° from the .Milky Way, that 
we take other nebula 3 , not necessarily 
planetary nebulae, inasmuch as they give ns 
we find that there arc twenty-two in or near 
-v outside. If we take the so-called nebula 1 
spectra, which need not be nebula 1 at all — ■ 
: nebula; because they are so far away that 
i|ie account of them — we find that the condi- 
d. There are only fourteen of them in the 
ut there are forty-three lying outside it ; so 
n 10" of the Milky Way comes out to be 
the planetary and the other nebula; which 
nebula; with continuous spectra only twenty- 
absolute identity of result with regard to 
the other objects which give us bright-line 



l;e 



of bedies of extreme interest. In fact, to 
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cy arc more interesting than all the other stars m the heavens, 
they are the mysterious " new stars," which have been supposed 
new creations. When we come to examine these so-called new 
e find that they also are almost absolutely limited to the Milky 
Onr information begins 134 years before Christ, and it ends 
r. The number of stars thus reported as new stars is thirty- 
d of these only three have been seen outside the Milky Way. 

shows what the facts are with regard to the new stars. The 
line stars being distinguished by dark wafers, the new stars are 
by white wafers. We notice that where we get practically the 
number of dark wafers we get a considerable number of white 
That means that these new stars take their origin in the same 
space as that occupied by the bright-lino stars, and it is also 
g to point out that the void indicated where the Milky Way 
e, where there were no bright-line stars, is equally true for the 
tars ; only one new star has been recorded in this region 

1)- 

1 have said, a great deal of interest has been attached by many 
to the question of the new stars, for the reason that whenever a 
appeared in a part of the heavens where no star was seen 
it was imagined that something miraculous and wonderful had 
d. That was justifiable while we were ignorant, but recent 
Has shown, I think almost to a certainty, that the real genesis of 
star is simply this. We have near the Milky Way a great 
of nebulae, planetary or otherwise ; we have more planetary 
near the Milky Way than in any other part of the heavens ; 
ous patches also observed in it may include streams of 
rushing about under the influence of gravity; the origin of 
star is due to the circumstance that one of these unehronieled 
suddenly finds itself invaded byone of these streams of meteor- 
There is a clash. These meteorites we know enter our own 
ere at the rate of thirty-three miles a second, and we may 
re be justified in assuming that any meteoritic stream in space, 
the Milky Way, would not he going very much more slowly, 
get this rapidly -moving stream passing through a nebula, which 
to be a mass of meteorites more or less at rest, of course we 
y&t collisions ; of course, also, we shall get heat, and therefore 
When the stream has passed through the nebula the luminosity 
and ultimately, attention having been called by this cataclysm 
particular part of space, we shall find that there is a nebula 
This has always been so ; and therefore in the case of new stars 
always expect to get indications of the existence of two bodies, 
uder and the body intruded upon. 
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We must also expert, if we are dealing with small particles of 
ineteoritic dust, that the action will be very quick, and that the war 
will be soon over. All this really agrees with the facts. In the case 
of the new star we were fortunate enough to have the opportunity 
of observing in the northern hemisphere, not very long ago, the new star 
in the constellation Auriga, we obtained undoubted indications o:: the 





K II h G F 

Flft. 42. — The spectrum of 2Jova Aurigse, showing both bright and clai-k In -.est. 

fact that we were dealing with two different masses of matter; fo.' the 
reason that if we take the chief spectral lines marked (t, h, II and K 
(Fig. 42), that is to say, the lines of hydrogen and of calcium, we find 
both bright lines and dark lines, which being interpreted means that 
hydrogen and calcium were both giving out light and stopping light. 
We cannot imagine that the xwnc particles of calcium and of hydrogen 
were both giving out light and stopping light; there must have been 
some particles of hydrogen and calcium giving light and others stopping 
light ; and if wc look at the photograph car ef idly we find that the 
bright lines and the dark lines arc side by side, and we know that that 
means a change of wave-length in consequence of movement, and we 
also know from the change of wave-length indicated that the differential 
velocity of the particles which gave us the bright hydrogen and calcium, 
and the dark hydrogen and calcium, must have been something like 
500 miles a second. In that way we obtained indisputable proof that 
we were really dealing with two perfectly different scries of particles 
moving in opposite directions, and that that was the reason we got that 
sudden illumination in the heavens which as suddenly died out mtil 
finally a nebula previously mi discovered was found to occupy the place. 
The nebula is really not the result, the nebula was the cause, btr; we 
did not know of its existence until our special attention bad been 
drawn to that part of the heavens. 

B. Jit relation to Distance. 

So much, then, for the first statement of facts relating to the dis- 
tribution of the various star groups and nebular groups in the nost 
general form. The next question is, can we say anything about the 
distances of these bodies % 

The way in which an astronomer attempts to determine the dif- 
ferent distanc|f< of the various stars from the earth, may be very well 
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grasped by considering ivhiit happens to any one t 
railway train. If the train be going fairly quickly, 
at the near objects, we find that they appear to rush by 
they tire the eye; the more distant the object we look 
slowly it appeal's to move, and the less the eye is fatigubd 
pose that instead of the train rushing through the conn 
the objects which we regard under these different con 
ferent objects are rushing past us at rest. Then, o' 
things which appear to lie moving most quickly will 
and the more distant objects, just because they are (lis 
to move more slowly; that is to say, we shall get what 
" proper motion " in the case of the objects nearest to 
"proper motion" in the cn.se of the bodies whieh are 

This question has lie en attacked with regard to th 
nificent fashion by a great number of astronomers. 

It was Mr. Monck who was the first to show in 
gaseous stars had the smallest proper motion ; that is 
hottest stars were further away from ns than the c 
next found that the proto-metallie stars — that is to 
so hot as the gaseous, but hotter than the metallic stars 
smaller proper motion. This, of course, indicates 
stars are the nearest to us unless proper motion docs 
distance, but rather upon a greater average velocity in 
been shown, however, by considering the sun's movemer 
this view probably may be neglected. The first dh 
motion, then, went to show, roughly, that the hotte 
further away from us it is; and it made out a fair case 
sion that the sun forms one of a group or cluster of stf 
predominating type ■of spectrum is similar to its own. 

Kapteyn carried the inquiry a stage further,! 
idea that stars with the greatest proper motion are on 
nearest, the part of the proper motion due to the sun' 
space he considered must depend strictly upon the d: 
determined this by resolving the observer! proper mothi 
circle passing through the point of space towards w 
moving, which is called the apex' of the sun's way, an 
point 90° from the apex. His results were practically 
those obtained by taking the individual proper 
found that stars with the greatest proper motion are 
and have no regard at all to the Milky Way ; that 
smallest and no observable proper motion are g. 
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* Astronomy and Astro-Physics, toI, svin, 2, p, 
t Amsterdam Arncle-mv of Science, 1393. 
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his he agrees with the prior observations to which 
In the table which I now give the mean 
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We find that 
ber as the proper 
metallic to the gaseous 
of 17, and end with 
may be considered 
by Kapteyn with 5 
of proper motions 
The general result 
tanee the metallic 
gaseous stars, and 
number. 

Here again the 
these bodies, in rel 
greater or less exth 
si deration. That 
amount of work in 
take the stars with 



gaseous and proto-meiallic stars increase in num- 
motion decreases. We find also the ratio of the 
and the proto-metallic. We begin with a ratio 
omething like a ratio of 0 - 4 ; so that the results 
to be pretty definite. These results were obtained 
stars which were common to Stumpe's catalogue 
and the Draper catalogue dealing with spectra, 
may, therefore, be stated that at the nearest dis- 
stars are seventeen times more numerous than 
at the greatest distance they are not half the 



the average, we i 
undoubtedly metalli 
which is always k 
velocity seeing tha|t 
two minutes, is not 



question arises, how far the intrinsic brightness of 
ition to their distance from us and the possible 
iction of light in space, has to be taken into con- 
is a problem which will require a considerable 
the future. It is rather remarkable that if we 
very great proper motion, very much greater than 
nd with regard to four that three of them are 
c, but it is" possible that the star 1830Oroombridge, 
oked upon as the star which beats the record in 
it would travel from London to Pekin in about 
a metallic star.* 



* TWse stars are — „ 

1830 Groonib 'iilge .. 7 '04 

2 2758 5 -196 

^578 4-0-1i) 

D.C. 5S3 3*7 



Gaseous or proto-metallic. 
Metallic. 

Probably metallic. 
Metallic. 
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to their direction in space, as se£ 
most conveniently considered in 
longitudes, but also in relation to 
The results arrived, at in the 
raarized as follows. First we will 
absorption phenomena. 



groups of stars not only in relation 
rt. from the solar system, a direction 
relation to galactic latitudes and 
heir distance from us. 
two previous chapters may be sum- 
consider the stars studied bv their 
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We find that the gaseous sta|, 
are far away from ns ■ that the pi 
to the .Milky AVay, and they are 
we come to the metallic stars and 
obvious connection with the Mi 
Unfortunately, with regard to tl 
tion is not so complete. Mr. 3 
number, and he shows that they, 
have very little relation to the 
mendous separation between the 
and the cooler stars with their sm 



s are chiefly in the Milky Way and 
oto-metallie stars are not so confined 
not so far away from us, JJirt when 
the carbon stars they have not much 
Iky Way, and they are close to us. 

metallic fluting stars the informa- 
McClean has dealt with a very small 
like DuncVs stars, the carbon stars, 
J^Iilky Way. AVe thus obtain a tre- 
hot stars with their great distance 
aller distance. 



* Kapteyn finds small proper motions for gaseons and proto- metallic stars, but 
does uofc separate them into two groups 
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Although tbis discussion of the distribution of different types of 
stellar spectra indicates a collective tendency of some types, it provei; 
at the same time that the chemical substances represented in suck 
types are distinctly not limited to the regions in which they pre- 
dominate. Thus we know of hydrogen in all stars except the carbon 
stars ; although the stars showing strong indications of helium are mos; 
numerous in and about the Milky Way, stars of this kind do appea ' 
in other parts of space remote irom the Milky Way, among them 
being the bright stars Spica and y Urs;© Majoris. Besides this direc; 
evidence of the wide diffusion of helium there is the indirect evidence 
based upon the fact that helium is known to be present in the sun 
although it is not represented among the Fraunhofer lines. By 
analogy then we must allow that helium is also present in Arcturus 
and the thousands of other stars which have spectra like the sun which 
have no special connection with the Milky Way. Helium must, there 
fore, be practically like hydrogen, distributed in all directions as seen 
from the sun. 

Another illustration of this general diffusion of a particular kind 
of matter is afforded by carbon. In the hottest stars, stars like the 
sun, and the coolest stars, we alike find indications of this substance, 
so that a localisation of any particular type of star does not imply the 
restriction of carbon to such localities. Again, if we take iron, we 
find its indications, cither as iron or pro to-iron, through a great variety 
of stellar type3, while we may say that calcium and magnesium show 
direct evidence of their presence in almost every star. 

Thus we are led to conclude that there is no localisation of the 
chemical elements so far as tlifetiiou in space is concerned. While the 
discussion of proper motion indicates that particular types of stars, 
tend to congregate at distances peculiar to themselves, the condensa 
t ion is "by no means absolute. .Some stars of each type have proper 
motions widely different from the average. Hence at all distance': 
from us we find similar chemical types of stars and therefore evidence 
of similar chemical substances. 

We have already seen that the chemistry is the same in all direc- 
(ions, so that, finally, we must grant that the chemistry of all parts oi 
space is the same. In other words the chemical parishes required by 
the view that the stellar types represent different chemical conditions 
as regards the presence or absence of certain substances do not exist. 
In no direction from our system, in no shell surrounding it, is any 
chemical element found which is not present in other directions and in 
other shells. 

The major objection then against the stellar evidence in support 
of the dissociation hypothesis, upon inquiry, vanishes into thin air. 
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Our lengthened consideration of this question has really led us to 
i firm support not only of the dissociation hypothesis but of the meteo- 
ritie! hypothesis as well. 

\s on the latter hypothesis the stars become hot in ■consequence 
of meteoritie collisions, we should expect to find nebulous- conditions 
following suit; seeing that nebula; are masses of meteorites, we should 
expect to find especially the gaseous nebulae and results depending 
upo i their presence in the region where the hottest stars exist in 
whi ;h dissociation has been studied. 

The planetary nebulae consist of streams of meteorites moving 
generally in spirals or in circular paths. There lis no very great dis- 
turbance; we get a bright line spectrum from them, and we know 
they are practically limited to the Milky Way. We have found that 
the bright-line stars are limited to the Milky Way ; they are simply 
stars involved in nebulae. There again we get a connection between 
the Milky Way and nebulse. The new stars* are tlue to relatively 
fixe:! nebulae driven into by moving nebuke comet fashion, and they 
are also limited practically to the Milky Way; there again we have 
the nebulous touch. The nebulous regions, which Sir William 
Hetsebel was the first to chronicle, arc more prevalent near the Milky 
Way than elsewhere. 

It will be seen that we have a strict association of nebulas, possible 
dissociation conditions, and the hottest stars in which that dissociation 
has been studied : and we are at length face to face with a simple 
xplanation of the close contiguity of these apparently very diverse 
phenomena. 
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I now proceed to consider some less general objectioi s 
brought the question of dissociation before the Koyal 
in a discussion which I was requested to initiate, I pointer 
had been proposed to explain the spectral differences betw 
as Bellatrix with its hydrogen and cleveite gases ; Sir 
tremendous development of hydrogen ; and our own sun 
it with an atmosphere chiefly metallic ; by supposing that 
gen and cleveite gases may from some reason or other 
among the metallic vapours and form an upper special 
their own, in which, in consequence of its greater chemical 
the lines of these substances will become more im 
added, " But this argument is not philosophical, because 
right to assume such a change."! 

This remark, referring to a very special point, was 
misheard, and Dr. Schuster in the discussion stated : — 

" Had Mr. Lockyer confined himself to bringing forwf 
thesis as one which is legitimate, consistent, and deserving 
many of us would I think have agreed that he had nun 
case. But he claims his theory as the only one which car 
facts, and dismisses as unphilosophical the only alternativ 
discusses." 

In spite of this misapprehension,, however, Dr. Schuster 
are of great value, and I propose to consider them in 
reply to them as best I can. I may add that he expresses 
rence with my system of classification ; and the necessity 
appeal to laboratory experiment is insisted upon ; at 
he acknowledges that the investigation of the enhaucec 
very material advance." 

In my paper I pointed out, in relation to stellar at: 
what we might expect to observe if we assumed the sun's 
to be increased would be vastly different according as 
or did not take place (see pp. 78 9). I said 

" The only chaiujc which we can imagine ov the uswd 
re&diuKj from the increase of temperature, is that with 1h 

* Proe. Moy. Soc, 70I. lxi, p. 202. 
t Loc. cif. 
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rolumr there tdll he a redaction in (h'ndiij, and till the Una 
r /( 'Jcchh'iL But this is exactly what does not happen." 
With regard to this statement Dr. Schuster writes: — 
" With this remark T cannot agree. The main fact to 
is the gradual displacement of hydrogen, which is pred 
hottest stars, by calcium, iron, and other metals. The 
opinion several causes at work which might produce 
glowing mass of gas may he either in thermal or in com 
brium, and the spectroscopic appearances in the two case; 
foundry different. In reality an intermediate state pi 
at, hue there is good evidence to show that the state o 
equilibrium is more nearly approached in our sun than in 
stars. We know as a fact that there are powerful convec 
near the sun's surface. There is, in consequence, an ; 
uniform distribution of matter and enormous differences of 
in layers which are comparatively close together. Those \i 
given much attention to this subject will hardly realise 
of temperature brought about by convection currents, 0 
of the sun the temperature gradient produced by convec 
would hi equal to :20,000 ! for each 100 kilometres differ 
so that an angular distance of one second of arc would cor: 
difference of 100,000 . "Radiation and condensation will < 
gradient, but that it is very large is sufficiently proved by 
scopic evidence. Thus, according to the results of Me 
Mohlcr, and Humphreys,* the pressure in the reversing 
calcium giving the II and K lines is about six atmospheres 
for the cooler calcium vapour is about three atmospher 
gravitational constant twenty-seven times as large as that 
a difference of three atmospheres can only mean a eompara 
difference in level ; while, then, in the sun we must admit 
effectual stirring up of the constituents together with an 
rapid temperature gradient, the evidence is just the other 
case of stars like y Lyrre. The spectrum of that star, 
Professor Lockyer, contains only the high temperature li 
This means not only that the reversing layer is very hot 
there are no rapid changes of temperature at different 1 
impossible to imagine this hot layer of gas ending abrupt 
be surrounded by cooler matter, which cannot be iron, as 
perature lines of iron do not appear. In such a star there c; 
effect tinl mixing up of the constituents, and hence the layers 
arrange- themselves according to the laws of diffusion. It w. 
that hydrogen, being a lighter gas than iron, will be chiefly 
* Aitropfysical Journal, vol. iii, p. 138. 
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ii" the cooler and outer layers, while iron will be found more particu- 
larly in the inner and hotter parts. The relative proportion of different 
elements in different layers will be regulated paitly by their density, 
but to a great extent also by the total quantities present in the star; 
for the different gases will not float on each other as liquids might, but 
the density of each gas will increase steadily from the surface to the 
centre. The chief difference, according to this view, between a hydro- 
gen and a solar star lies in the more or less effectual mixing up of the 
constituents. If we could introduce a stirrer into y Lyr^e there can be 
uj doubt whatever that the low temperature lines of iron would make 
their appearance, while, on the other hand, if we could stop all convec- 
tion currents on the surface of the sun the hydrogen which now lies 
under the photosphere would gradually diffuse out and give greater 
prominence to its characteristic absorption lines." 

" In the face of the direct evidence of the absence of convection 
em'rents in the hotter stars, it is not necessary for the purpose of my 
argument to discuss why this is the case, but it can be seen that 
diminished gravity, diminished density, and consequently increased 
viscosity, will contribute to the effect, while effectual radiation will, 
oiving to the smaller density, take place more evenly through a thicker 
h.yer of the envelope, so that the principal cause of convection currents 
M ill also be much diminished." 

In replying to this objection of Dr. Schuster's I will first deal with 
the convection currents and the tremendous temperature gradient 
which Dr. Schuster postulates. In the sun, the seat of such convection 
e irrents, according to him, while they are absent from y Lyras they 
a:'e sufficiently powerful to cause a difference of 20,000" C. for each 
130 kilom, in difference of level, or, as he otherwise puts it. a 
difference of 100,000' for one second of arc. 

The eclipse photographs give no evidence of the rapid temperature 
gradient in the sun supposed by Dr. Schuster. In the Indian series, 
t.vo successive photographs taken at intervals of about one second near 
tic beginning of totality differ inasmuch as the first includes a 
stratum about 150 miles above the photosphere, which would be 
civered by the moon when the second was taken (except for the effect 
produced by irregularities in the moon's limb). Vet there is no great 
difference in the spectra ; both contain arc and enhanced lines about 
equally, and therefore indicate that the temperature changes can only 
be small in a depth of 150 miles. In fact throughout a distance of 
500 miles above the photosphere the spectrum indicates no (bange of 
temperature of importance. 

We have got the facts then in the eclipse photographs, and find no 
large spectral changes in a region where Dr. Schuster postulates a dif- 
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ference of 100,000° C. Are we to take this value as 
of the sun's photo spheric level ? If so, how does Or 
it with the values obtained by all the recent workers w 
than 10,000" C. ? and even with Homer Lane's 28,000" ? 

Surely the facts show that there are not, in the sui: 
clous convection currents as are demanded on Dr. Schus 

Professor Schuster refers to the conclusion drawn by 
and others as to the pressure" of. hoi and cold calcium ii 
layer. His reference shows that he agrees with my \ 
dealing with different molecules, but I wish to remark 
must not he too hasty in accepting the conclusions to w 
for the reason that the eclipse photographs do not tally 
first sight. In these photographs (l^Ot?) the K layer re: 
of 6,000 miles; the A. 42-26-tt/j kyer only 2,000 miles, 
that cool calcium falls and is dissociated at the bottom, 
does not mean that there is a layer of cooler calcium at ; 
tion and at less pressure surrounding a hotter one at a 1 
and higher pressure. 

The evidence on which it is assumed that convection 
absent from the hotter stars like y Lyra of decreasing 
does not appear to be conclusive. But let us assume it. 

The absence of cool iron lines only shows that we 
of higher temperature than in the sun. May there not s 
temperature gradient, from "high" to "very high' 
instead of from "low" to "high " as in the sun 1 But 
mere stirring up of y Lyra; would not make its speetr 
the sun. Such stirring up could only introduce the cool 
if the proto-iron were by that process driven out 
regions, where it might become iron and so produce 
tion lines in the spectrum of the star. lini it by no 
that these cool iron lines would be as 3trong as in the 
for we know that the amount of absorbing proto-iron 
Moreover, this process of stirring would hardly reduce 
the hydrogen lines. 

A reductiou of temperature, however, furnishes us w: 
explanation of the changes observed in passing from s 
y Lyra; to one like the sun; the cool lines of iron wonltjl 
matter of course, and 3nch lines would become stronger i 
formed at the expense of the hydrogen. 

If we take the converse view, and suppose the postal 
tion currents in the sun to be stopped, I do not see how 
tion of things would result in changing the present sp« 
sun into a spectrum like that of y Lyric. We have 



u m 

er 

into 
cool 



sol 



net 



14? 



temperature 
er reconcile 
o make it less 



such tremon- 
s view. 
Messrs. Jewell 
the reversing 
- that we are 
I think we 
hich he refers, 
with them at 
died a height 
This suggests 
It certainly 
higher eleva- 
ower elevation 

currents are 
temperatures 

are in a region 
sltill be a rapid 
temperature 
in any case, a 
like that of 
lines of iron 
the cooler 
iron absorp- 
means follows 
ar spectrum, 
is only small, 
intensity of 



the 



th a sufficient 
uch a star as 
ippear as a 
t iron can be 



a t ed convec- 
such a coudi- 
ctrum of the 
only to ex- 
L -2 



©2010 Forgotten Books 



www. forgottenb ooks.org 



apprcac 



an 



1 311 



148 

plain the increased in 
ance of the enhance: 
enhanced lines are a 
sumahlv absent from 
producing them 
possible that a state 
temperature of the \ 
these high temperaturlc 
still he no apparent r 
iron. The change, h 
grant that there is 
from the previously 
producing the observ 
of proto-iron. 

How the increns 
otherwise is not clear, 
purpose from beneath 

The final discuss 
because ve learn front 
that of a middle: reg 
record among the Fr 
there are hundreds of 
solar atmosphere w 
under the conditions s 
whatever thai the 1 
appearance/'" 

Dr. .Schuster also 
photosphere"; is ther 
history of hydrogen, i 
is simply and 
question whether an 
of hydrogen is more s 

I now proceed to 

" There is cspecialf 
prepared to answer 
mony, mercury, are 
Aldebaran. To he cc 
soeiation, asseTt that 
I understand Trofes 
strongest sparks we 
in the reversing layt 
from a role of mere. 



i cnsity of the lines of hydrogen, but the ap pear- 
lines of iron as absorption lines. Xow these 
] ready in the sun's chromosphere, and arc pre- 
the Framihofer spectrum, because the vapour 
lies the temperature of the photosphere. Is it 
of quiescence in the sun would so increase the 
hotosphere as to make visible the absorption of 
vapours 1 And, if this be possible, riicrc would 
eason for the disappearance of the eool lines of 
owever, from y Lyra? is readily explained if we 
increase of temperature, producing proto-iron 
eool iron vapour, and a dissociation capable of 
e|rl increase of hydrogen absorption at the expense* 
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absorption of hydrogen can lie accounted for 
The idea of hydrogen being set free for this 
the photosphere does not seem to me probable, 
of such subjects as these is very difficult, 
the sun that the absorption recorded is only 
ion. Xeither helium nor coronium writes its 
hofer lines. Snrclv everybody will agree that 



:i in 



substances in the higher cooler reaches of the 



write no record. How then can we say that 
assumed by Dr. Schuster ■' there can be no dovlf* 
temnerature lines of iron would make their 
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refers to hydrogen " imprisoned beneath the 
i any justification for this view t The complete 
lcluding proto-hydrogen in stellar atmospheres, 
explained on the dissociation hypothesis. I 
qilanaiion which requires such an imprisonment 
it is factory. 

'ivo another quotation from Dr. Schuster: — 
y one question which Professor Loekycr must bo 
Amongst the heavier metals, tellurium, anti- 
:ot represented in the sun, but they are found in 
nsistent, we must, if we adopt the theory of dia- 
these metals are decomposed in the sun. But, if 
for Lockyer right, he believes that with our 
$an exceed the state of dissociation which exists 
of the sun. Take such a strong spark, then, 
ry, do you get lines of helium, or of calcium, or 
Xlic itulir." 1 arc mire. — Tj. 



©2010 Forgotten Books 



www. forgottenb ooks.org 



XVII I.J 



EEITJES TO Sl'EC'IAL OBJECTIONS. 



149 



of hydrogen 1 This swims tome to be almost a crucial experiment. 
Possibly, of course, we should get high temperature lines not hitherto 
looked for, but present in the sun. If so, the objection would fall to 
the ground, but if this is not the case, and if mercury at a high tem- 
perature refuses to be dissociated into simpler elements, a most serious 
objection to the theory would have to be answered." 

In reply to this I may state that in recent large dispersion photo- 
graphs the differences pointed out by Dr. Schuster between the spectra 
of the sun and Aldebaran do not exist. I quite agree that such experi- 
ments as he describes should be made, and I have made many, but the 
work which is necessary has been interrupted, since I have no longer 
at my disposal the Spottiswoode coil, the superiority of which, over all 
others, for such a general inquiry as this I have amply demonstrated. 
I may say here, however, that so far as the observations have gone 
there is apparently an agreement between the laboratory and stellar 
results, but there are possible sources of error which require to be 
-studied, and also in a matter of such high importance the experiments 
must be repeated many times before a final statement is made. 

Dr. Schuster next states ; — 

" While 1 think that we shall all admit that different stars are in 
different stages of development, and that hydrogen stars will ulti- 
mately approach more nearly to the state of our sun, it would be 
unwise to push the argument of uniformity too far, and to say that 
every star will pass exactly through the same stages. Rittcr, who is 
favourably inclined to the dissociation hypothesis,* gives good reason 
to believe that the sun's surface was never much hotter than it is 
now, and that the higher temperature of hydrogen stars is connected 
with their greater masses. Tt is, in fact, impossible to admit that the 
process of development should be quite independent of the total mass 
of the star. It may be urged that Arcturus must have a mass much 
larger than that of our sun, and its spectrum, according to Professor 
Loekyer, is identical with that of the sun. But I suppose that that 
statement only refers to the blue and violet resrion, for, according to 
Dr. Huggins, to whose early stellar photographs we owe so much, the 
spectrum of Arcturus in the ultra-violet approaches that of Sinus." 

Although the masses of very few white stars have been determined 
with trustworthy results, one ease in which a white star can be shown 
to have a smaller mass than the sun will be sufficient to show a weak- 
ness in Bitter's conclusions. For fi Persei (Algol) Vogel states the 
mass as four-ninths that of the sun; so that the sun, on Hitter's 
theories, may be supposed to be of sufficient mass to reach a tempera- 
ture as high as that of jS Persei — a result which does not accord with 

* Wied. Annalen, vol. ss, p. 152. 
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his statement that the sun has probably never been, and nev 
much hotter than at present. 

Sir "William Huggins's statement as to the ultra-violet s 
Arc-turns is most interesting, if confirmed. The Reusing 
large dispersion photographs show an almost perfect 
spectrum with that of the sun, extending to A. 

It is difficult to see any objection, on the ground 
masses, even if we grant the similarity of the two spectra, 
necessary to suppose that Arcturus, like the sun and other 
has passed its hotter stages, and that it ma}' have 
condensation before the sun. 

To take another case, ( l.'rsaj Majoris and ft Auriga; 
which are almost identical, although the masses of the t\v 
according to Pkkering, are respectively 40 times and 4'6 
the sun. Another very hot star, Spica, has a mass only 2'6 
of the sun. 

Dr. Schuster further suggests that it if. not known 
Hitter has long studied the questicn of gaseous masses 
under their own gravitation. In my work which has consis 
discussion of spectroscopic observations, I was at the outset 
view that it was not a question of gaseous masses at all, 
and therefore I did not refer to Ritter'.s conclusions on 
Again, I had to face the spectroscopic evidence of a chain o 
cooling bodies, and it was a detail to consider the fact that 
ing and contracting mass is not necessarily a cooling mas 
in spite of this truism a time must certainly come when all 
find their temperature reduced. I am aware that Hitter's 
regarding the first rise and subsequent fall of temperature 
bodies, are similar to those supported by the spectroscopic 
what I have considered to be condensing swarms of 
would not have been fair to claim Hitter's conclusions as s 
own, because the bases of the phenomena considered by 
different. 

I, perhaps, may be allowed to poiat out that where Hi 
=ions do not seem to harmonise with the spectroscopic facts-, it may be 
that, as Professor Perry has pointed out,* a stellar atmosphere is a 

s implies. 



meteo: "ite 



more complicated thing than the theory of a gaseous mis 
Even the spectroscope deals generally only with the reversii&j; laver. 
Professor Perry writes : — 

" He (liitter) assumes that the radiating layer on the 0L1 
star is of constant mass. He also assumes that the rate c 
is proportional to the fourth power of the average tempe 
* Xaim-e, vol. k, p. 247, 1599. 
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that such assumptions m 

" Mr. Homer Lane, i 
perature of the sun,* ni 
law of radiation is true 
the temperature of the 
That is, he uses an 
peratures in radiation 
enormous temperatures 
gas of all sorts of tcmpe|r 

" It seems to me 
radiation from layers 
raier and colder layers ; 
these assumptions of Ri 
of thud at all sorts of 
tory knowledge of radi 
about any star except 
those of Homer Lane 
altogether wrong." 



empi 
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Finally, I may refer 
the first relates to the 
the length of the cont 
source, and I have 
this it is objected that 
from bodies not at a hi 
with the longest 
the sun by an vmbrokci 
is the sun also cold ? 

Again, it is urged 
of being due to high 
"Where then are Crook^s 
implies that hydrogen 
Tickering's spectrum, t 
before he committed hi 
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ding with temperatures which are so much 
with which we work in the laboratory, 
ust be regarded as quite arbitrary, 
ii his classical paper on the theoretical tem- 
akes the assumption that Dulong and Petit's 
for solar radiation, and he uses it to calculate 
:-adiating layer, which he finds to be 2<s,000' T. 
rical law, obeyed possibly at laboratory tcm- 
from hot solids, to express the radiation at 
from a hot layer of gas which has layers of 
aturcs above and below it. 
we know too little about the phenomenon <>1 
gas with denser and hotter lavers below and 
hove to allow of any weight being placed upon 
:ter or Homer Lane. In a star we have layers 
temperature and density. W r e have no lahora- 
ation that is applicable. "We know very little 
our own sun. * * * Assumptions like 
and liitter may lead to results which are 



to two more objections from another quarter, 
connection which I have insisted upon between 
nmous spectrum and the temperature of the light 
stated that this is based upon Kirchhoffs law. To 
rays far up in the ultra-violet can be emitted 
h temperature. The inference is that the stars 
spectta may be cold. But they are connected with 
i chain of sequences in the phenomena. Then 

{\mt the phenomena of the gaseous stars instead 
temperature, are caused by phosphorescence, 
ss's phosphorescent spectra % If this objection 
can be made to phosphoresce so as to give us 
objector should have made the experiment 
self to such an objection. 



* American Journal of Science aui Arts, 2ml scries, vol. i, p. 57, 1S70. 
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Ix the previous chapters I have endeavoured to correlate al 
which have been obtained during the last, let us say, thirtj 
relation to the sun, with more recent facts that have been 
with regard to the stars. In this we were, by hypothesis 
the effects of dissociation as the temperature rose higher an 
wc have found that the dissociation hypothesis, the view 
at high temperatures the chemical units with which we wo 
temperatures are broken up into smaller masses, explains tl 
phenomena observed not only in our laboratories but in the 
stars. 

I have also shown that in the opinion of many investigator 
dissociation is necessary to explain the phenomena observee 
eal inquiries other than those which directly concern us here 

In these concluding chapters I propose to change the p 
to consider the phenomena no longer from the point of v 
soeiation but from that of evolution. 

What is evolution ? To answer this question I can 
another LI tie of work in which the word is frequently 
thoroughly understood. It is important that I should d< 
another reason, which will be gathered later. That line of 
to do, not with inanimate forms, like the chemical elenien 
stars, but with living things, with so-called organisms 
readers know that what we now recognise as one of the 
triumphs of the century just ending was the detennination of 
of a so-called "organic evolution" in which we have, I 
most profound revolution in modern thought which the 
seen. 

That evolution tells us that each kind of plant and ani 
specially created, but that successive changes of form were 
about by natural causes, and that the march of these forms 
the more simple to the more complex. Organic evolution 
may be defined as the production of neiv organic forms fro 
more or less unlike themselves ; to that all the present p 
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als arc the descendants, through a long acnes of modifications or 
trans, form; it ions, or both, of a limited number of an ancient simpler 
type 
it ere 



"We must not suppose that this change has gone on as if things 
simply mounting a ladder; the truth seems to be that we have 
to deal with a sort of tree with a common root and two main trunks 
epresenting animal and vegetable life ; each of these is divided into a 
few main branches, these into a multitude of branehlcts, and these 
into smaller groups of twigs. 

This new view represents to us the evolution of the sum of living 
beings ; shows that all kinds of animals and plants have come into 
existence by the growth and modification of primordial germs. Xow I 
just to say that this is no new idea, it is the demonstration which 
is new to us in our present century and generation ; we have really to 
b.'.ck to the seventeenth century, if indeed we must not go as far back 
istotle, for the first germs of it; but with regard to the history, 
however, T have no time to deal with it. There are two or three 
poin ,s, however, to be considered in regard to this evolution. The 
idrtal organic forms need not continuously advance, all that is 
red is that there shall be a general advance — an advance like that 
r modem civilisation -while some individual tribes or nations, as 



as J 



ind 



rcqn 
of oi 



we know stand still, or become even degenerate. \\ ith this reserva- 
tion, the first forms were the simplest. It may be that as yet we know 
really very little of the dawn of geological history; that the fossili- 
feroi.s rocks are nowhere near the real base. This conclusion has been 
derived by Professor Poulton* from the complexity of the forms met 
with in them ; still we find that we have not to deal with such a vast 
promiscuous association of plants and animals of lowest and highest 
organisation as we know to-day; we deal relatively only with the 
simplest. The story both with regard to plants and animals is alike 
in this respect. 

Let me deal with the plants first. The first were aquatic — that is 
to say, they lived in and on the waters. So far as we know, the first 
plan; life was akin to that of the alga?, which include our modern sea- 
weed, moss-like plants followed them, and then ferns, and it is only 
very mueh later that the forms we know as seed plants with gaily 
coloured ilowers living on the land made their appearance. The 
general trend of change amongst the plants has been in the direction of 
a lard vegetation as opposed to one merely in or on the surface of the 
waters, and some present seaweeds exhibit the initial simplicity of 
plan ".-structure which characterised the beginning of vegetable life, 
vrhih the seed plants T have mentioned are of comparatively late de- 

# Presidential Address, Section I>, British .Association jretling at Liveri ed, 
1S96. 
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ve'.opraent; but we still have onr seaweed ; so that with all the change 
in some directions, some forms like the earlier survive. 

After this explanation, relating to work in an apparently different 
direction, there should he no difficultv in understanding the meaning I 
attach to the word " evolution " so far as the history of jjlant change 
is concerned, in relation to the chemical elements ; but we arc not 
limited to plant life. The same conceptions apply to animal life, and 
it is important for my subject that I should refer to that also. \Vhat 
do we find there 1 We are brought face to face with the same pro- 
gression from simple to complex forms. This is best studied by a 
reference to the geological record. 

Htratigraphical geology is neither more nor less than the anatomy 
of the earth,* and the history of the succession of the formations is 
the history of a succession of such anatomies- or corresponds with 
development as distinct from generation. In stratigraphical geology, 
as can lie gathered from any book on the subject, we find the names 
of certain beds which contain certain different forms of animal and 
vegetable life. We begin with the Laurentian and Algonkian and 
thsn pass to the Cambrian, then to the Ordovician, the Silurian and 
Devonian, and so on through a long list of beds and geological 
strata until we come eventually to the Eecent, that is to say, 
the condition of things which is going on nowadays on the surface 
of the earth. And if we prefer to map those many different 
beds into more generic groupings, we begin with the Primary or 
Pabeozoic, we pass on to the Secondary or JUesozoic, and then we 
finally reach the Tertiary or Cainozoic. The deposition of these beds 
ai d of the animal life which has been going on continuously on the 
surface while those beds have been deposited, gives us the various 
clianges and developments which have taken place with regard to 
arimal forms. 

It is worth while to go a little more into details and to indicate 
the changes in these forms which have taken place, in the most general 
way. Beginning with the Lower Cambrian, we find that the animal 
forms were represented by Iiivortebrata such as Sponges, Corals, 
E:-hinoderms, Brachiopods, Mollnsoa, Crustacea with many early Trilo- 
bites ; not to mention true Fucoids and other lowly plant-remains. 
V\ hen we come to the Silurian, we rind a large accession of the above 
fcrms, especially of Corals, Crinokls, and Giant Crustaceans (such as 
rienj<jutns) and armoured animals (Ostracodenui) without a lower jaw, 
or paired fins ; the beginnings of Vertebrate life, not yet fully evolved, 
and one lowly organised group of armoured fishes named i'yatlutq>ix 
(vithout bone-cells in their shelly-shield). Here, too, we meet with 
* Huxlt'v, Q.J.G.S., vol. xst, p. 43, 
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the first air-breathers ; the wing of a Cockr 
undoubted Scorpions ! Thus in addition 
opposed to invertebrates, and the first tra 
advance to the Devonian the fishes (associa 
predominate : it has been called the age of 
the Carboniferous, we find the first certain 
which the early existence is like that of a 
tra ted by the frog, which the majority of ir; 
I am sure, studied as a tadpole in its early s 
amphibians still retain fish-like characters 
at the Permian that the true reptiles are m 
great series, the Triassic, we meet with 
group of .Reptiles, the Thcriodontia, or 1 
(unique among reptiles) they possess a d 
with incisors, canines and cheek teeth ; the 
su?ceeding mammalian type. "We pass ea 
to mammals which are related to them ; 
rhynchus and the echidna are both Austral 
forth their young within the egg as do the 
begin to deal with birds. The early birds w 
some of their characters; and the pterodacty 
in many museums, was really a winged repti 
that we gather that mammals and birds are a 
we progress from the Jurassic to the Recent 
appearance as a direct descendant of all thosf 

When we come to study the life-his 
brought before us by the geological beds, we 
ably, a fact indicated by the presence or 
genera in the various strata. We find that 
only appear in the very early geological 
them in the recent, hut of the annelids and Bra 
are continuous from the earliest to the latest 
our worms. Again we learn that certain i 
their appearance very low down in the tin: 
not represented at all in the earlier Camb; 
some of these are continuous to the present <. 

Let us take the story of the fishes 
their appearance at the Devonian stage, there 
some of these stopped there, whereas others 
the Devonian times to our own. Take, for 
mudfish Cmdodus ; to Judge from the teeth 
lived on unchanged from late Palaeozoic 
We see there is a tremendous variation of 
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i, and several entire and 
we get vertebrates as 
of the fishes. In the 
ted with giant Crustacea) 
In the next series, 
traces of amphibians, of 
: a state of things illus- 
in our early days have, 
ges ; and some of these 
ft is not until we arrive 
with, but in the next 
remarkable evolutionary 
thed animals, because 
like a dog or a lion, 
s. doubtless, of the 
r thus from the reptiles 
[or instance, the ornitho- 
i|an mammals which bring 
reptiles. After that we 
ire strikingly reptilian in 
le, remains of which exist 
e and not a bird. From 
ariants of reptiles. "When 
we find man making his 
early forms. 

of the various forms 
find it to vary consider - 
absence of the different 
ie trilobites, for instance, 
ions; there is no trace of 
shiopods we note thatthey 
formations; we still have 
ther organic forms made 
e scale, forms which were 
ian and Silurian, and that 
ay. 

great many fishes made 
were few in the Silurian ; 
have been continued from 
instance, the Australian 
this fish might well have 
until the present day '. 
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.speak, with regard to these different forms. In that way, then, the 
geologist has been able to bring before us the continuity of life in 
various forms, from the most ancient geological strata to the mos,t 
recent. The record maybe incomplete, but is complete enough formv 
purpose. 

But that is not the only evidence of evolution to which I 
The teachings of embryology confirm the argument based 
study of geology, and suggest that the life-history of the; 
reproduced in the life-history of individuals. The processes 
growth or embryonic development present a remarkable 
throughout the whole of the zoological series ; and although 
is still limited, some authorities hold that there is the eioscs|t 
connection between the development of the. individual and t 
nient of the whole series of animal life. There are others, 
who do not regard the argument derived from embryology 
convincing one. However this may be, if we study the embry 
tortoise, fowl, dog, and man, we find that there is a wonrle 
larity between them at a certain stage. At a further stage 
nient the similarity is still borne out. This does not me 
vertebrate animal during its development first of all becomes 
and then the various animals which are represented by these 
it simply means that they are all related, inasmuch as the 
tinuity. 

After these references to plants and animals it shonlc 
what organic evolution really is, and therefore what ev 
irenerallv. 
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Just as plants and animals compose the organic or living world, so do 
the so-called chemical elements (cither single or combined! coiiitjoss the 
inorganic or non-living world. 

Formerly plants and animals and the chemical 
considered to represent special creations — " manufactured 
we now know that plants and animals do not that 
continuously evolved from simpler forms. 

\Vhat we have now to consider is whether the facts set 
preceding chapters do or do not indicate that we mus; 
chemical elements, like plants and animals, as products of 

Taking plants and animals as we know them, the 
into past times the more differences in form are noted, 
temperature at which the vital processes were and are car: 
certainly not been widely different. 

Taking the chemical elements as we know them here, iv 
en:es in composition continuously indicated as stars of sueees 
temperature are studied. It is obvious that this is a \ 
point. In inorganic evolution we are dealing with a great 
of temperature ; how tremendous no man can say. \Ve k 
perature of our earth, but we do not know, and we cannot 
temperatures of the hottest stars. Sr» that how great the; 
of the earth may once have been, supposing it to be repres 
present temperature of the hottest star, no man knows wit" 

AVith regard to o.'ganie evolution, however, which has 
the plant world and the animal world, there can have 
running down of temperature at all. The temperature mu|st 
practically constant within a very few degrees. 

The differences then depend upon time in organic, atn 
perature in inorganic, nature. 

It is for this reason that in the inorganic evolution 
concerns us the chemical changes brought about hy ch; 
perature must be our chief guide, and the earliest and s 
must be sought in regions where the highest temperature t 

The effect of high temperature in producing simplifuatl 
to ev e-ybody. If we deal, for instance, with well kno 
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compounds, say chloride of » 
iron, that is iron-rust, we pi 
are composed by heat, and we 
the fact that chlorine and sod: 
the other, must have existed 
and iron-rust, eoiild he 
hydrogen and oxygen at a 
perature above which the t 
uncombined ; when the t 
ciation, therefore, in all its 
coming together of which has 
up by heat. If this hp so, thi\ 
bij heat mua( be the earliest 
behave like the various geolo^ 
gression of new forms in an 
chemical substances which v 
far as we know, bring us in 
we can command in our 
evolutionary forms. 

I have said if. Xow do 
present us with a progression 
from the oldest to the newest 

The preceding pages cnal 
p. 47 I indicated how, in 
of effects accompanied by 
the gradual coming together 
have a mass of matter cold 
which represent the different 
fact, been arranged along i 
ascend one branch of this 
hotter till ultimately at the 
of. Then on the descending 
and finally they come down 
dark world like the compai 
planet in which we dwell 

Thanks to the recent w 
in special relation to their ( 
made more complete as time 
field ; but it is already coni]|>l 
the story is one of changes 
other. 

"When the photography < 
knowledge was so incomplete 



ium, that is common salt, and oxide of 
uee the simpler substances of which they 
further have no difficulty in recognising 
tun in one ease, and oxygen and iron in 
before their compounds, common salt 
or associated. Water is split into 
temperature, so that there is a tcm- 
, r O gases would remain in contact but 
lire falls water is produced. Disso- 
stages must reveal to us the forms the 
produced the thing dissociated or broken 
final pivdncU of ilinodaiion or breaking up 
ical ft/mn: Hence if the various stars 
ical strata in bringing before us a pro- 
organised sequence, we must regard the 
ibly exist in the hottest stars which, so 
rescnee of temperatures higher than any 
joratories, as representing the eailiest 
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the stars from the hottest to the coldest 
of new forms as the geological strata do 
I 

le us to answer this question fully. On 
cal evolution, we deal with a continuity 
siderable changes of temperature; from 
>f meteoritic swarms until eventually we 
and dark in space. The various stars 
changes have been got out and have, in 
so-called temperature curve. As we 
■e the stars get gradually hotter and 
we find the hottest stars that we know 
anch are represented the cooling bodies, 
in temperature until we reach that of a 
of Sirius, of our own moon, and the 



cun 
top 

bi- 



ll 311 



ork 



, we can now deal with all these bodies 
hemistry. Xo doubt the record will be 
goes on and other workers come into the 
ete enough for my present purpose, for 
of chemical forms from one end to the 

f stellar spectra work was begun our 
that a continuous chain of chemical facts 
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Chapters VI 
can now be firm 
presence of a, ver 
down from the 
lines increases, a 
elements. 1 will 
present we have 
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anything about 
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gases, and magi 
here ; wc think 
able in our lal 
we find the cxi 
introduction of 
stars we find sil 
titanium, eoppei 
highest tem 
we come to staijs 
iron, calcium, an 
seem to be forms 
certain new for 
disappear. 

The salient f 
to such an exteijt 
results was to 
forms which they 
have done in 
stellar strata, so 

From the 
distinct from 
separately as 
tions. 

in ia n to these g 
oldest dealing v; 
Areonlan, Aln 
strata "], Sirian, 
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for instance, t 
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uestion ; but, thanks to the recent advances, we can 
ganic evolution from a chemical stand-point, and 
■ r to do is to consider the result of this inquiry, 
md VII give the evidence on which the statement 
r made, that in the hottest stars we are brought in 
y small number of chemical elements. As we come 
hottest stars to the cooler ones the number of spectral 
id with the number of lines the number of chemical 
only refer to the known substances— it looks as if at 
still many unknowns to battle with, In the hottest 
with a form of hydrogen which ive do not know 
here (but which we suppose to be due to the presence 
emperature), hydrogen as we know it, the cleveite 
esium and calcium in forms which are difficult to get 
,ve get them by using the highest temperatures avail- 
ones. In the stars of the next lower temperature 
nee of these substances continued in addition to the 
oxygen, nitrogen, and carbon. In the next cooler 
imn added ; in the next we note the forms of iron, 
, and manganese, which we can produce at the very 
s available in our laboratories ; and it is only when 
s much cooler that we find the ordinary indications of 
manganese and other metals. All these, therefore, 
produced by the running down of temperatm-e. As 
are introduced at each stage, so certain old forms 



ris 



features of the organic record are thus exactly reproduced, 
indeed that the most convenient way to present the 
define the various star-stages by means of the chemical 
reveal to us in exactly the same way as the geologists 
ard to organic forms ; so that we may treat, these 
to speak, as the equivalent of the geological strata, 
hottest to the coldest stars I have found ten groups so 
h other chemically that they require to be dealt with 
letely as do the Cambrian and the Silurian fornia- 
the geologist still further, I have given names ending 
roups or genera beginning with the hottest, that is the 
ith the running down of temperature : — These are 
tubman, Acherniau, Algolian, Markahian [a " break in 
Procyoman, Areturian (solar), Fiseian, 
defined the chemical nature of these stellar strata as 
lies the nature of any of his various beds; we can say, 
hkt the Achernian stars contain chieilv hvdros;en, 
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It will be seen 
stars show a progre 
a progression of o 
progression. 

We ara justi 
the evolution poir 
detailed considerat: 

Obviously we 
several obvious lir 
with transcendent; 
too mueli of the d 
temperatures all 
as gaseous as the 
at a high temper 
of gas. Those s 
lithium and sodi 
on the gaseous eoni 
like iron and pi 
taken into aeeotur; 
course, there won! 
there will he no ga 
of space lie taken 

Then with regal' 
are not greatly 
a metal is that it 
solid is not a met* 
of hydrogen has 1 
chemists, and 
non-metals, there 
a non-metal, and it 
gone as yet carbon 
group. 

E must point 
tions of the varior. 
contains nothing 1 



and carbon, and to a certain le3s extent they con- 
ium, proto-calcium, silicium, and sodium,* and pos- 
lithium ; so that at last, by means of this recent 
ctrum analysis, we have been able really to do for 
-hat the biologist, a good many years ago, did for 
■i. 

, then, that the answer to the question: "Do the 
ssion of chemical forms as the geological beds show 
ganic forms 1" is clear and precise. There is a 
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fi4d, therefore, in considering the matter further from 
t of view. There are several points which merit 
on. 

cannot expect to get much help by thinking along- 
=, for the reason that in the stars we are dealing 
temperatures. For instance, we must not make- 
inference between gases and solids, because at high 
chemical elements known to us as solids are just 
;ases themselves ; that is to say, they exist as gases ; 
ure, eve:ything, of course, will put on the nature 
istauces with the lowest melting points, such as 
, will, of course, under our present conditions put 
lition very much more readily than other substances 
, but those are considerations which need not be 
in relation to very high stellar temperatures; of 
be no solids at a temperature of 10,000' C, and 
ses in space away from the stars if the temperature 

absolute zero, 
d to metals and non-metals. Here again we really 
d by this distinction. The general conception of 
is a solid, and that, therefore, a thing that is not a 
: but the chemical evidence for the metallic nature 
ijxn enlarged upon by several very distinguished 
vis generally known as a liquid. With regard to 
e certainly very many. Carbon is supposed to be 
is remarkable that, so far as the stellar evidence has 
seems to be the only certain representative of that 
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specially that the table of the chemical defini- 
stcllar genera (given on pp. 70 and TI), which 
hard facts, is perhaps, like the geological record,. 



Campbell, Astronomy and Astrophysics, 1S9J,tu1. xiii, p. 395. 
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more important on account of whit it indicates as to the presence of 
the chemical elements in the stars than it is for what it omits. 

There are a great many reasons why some of the substances which 
may exist in these stars should not make their appearance. T wish 
enlarge upon the fact that, seeing the very small range of our pho ,o 
graphs of stellar spectra, seeing also that it does not at all follow that 
the crucial line* of the various chemical substances will reveal them- 
selves in that particular part of the spectrum which we can pho,< 
graph, the negative evidence is of very much less importance th 
the positive evidence. I think it is possible, for instance, that we must 
add lithium to the substances which we find in the table on pages 
and 71, we must certainly include sodium and also aluminium, aic 
chlorine possibly, but about sulphur at present I have no certain 
knowledge. At all events, we can with the greatest confidence point 
out the remarkable absence of substances of high atomic weight, atx 
the extraordinary thing that the metals magnesium, calcium, sodium 
andsilicium undoubtedly began their existence in the hottest stars Ion 
before, apparently, there is any obvious trace of many of the otler 
metals which a chemist would certainly have been looking out for 
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'With regard to the substances which appear in the hottes t stars, 
the all important, the first point to make, is that the chemical forms 
we see are amongst the simplest. 

How can this he determined 1 In two ways. The chemist will 
acknowledge that an element of low atomic weight is simpler, that is, 
has less mass than an element of high atomic weight. If we rely 
spectrum analysis we can say, when dealing with the question 
" series," that the elements which most readily give complete series 
are in all probability simpler than those which give none, and this is 
still trner when we find that all the lines in the spectrum of a sub- 
stance can be included in those rhythmical series, as happens in the 
case of hydrogen and the eleveite gases. Judged then by these 
standards it is certain that the first stage of inorganic e volition, if 
there has been such an evolution, is certainly a stage of simplest forms 
as in organic evolution, whatever view we take of the nature of the 
" atom." 

It is worth while to compare in detail the results obtained 
newest form of spectrum analysis relating to "series, 
earliest stellar forms, because it is evident that we are here in presence 
of the beginning of a new method of study of the nature of the 
so-called chemical elements. 

We found that the hottest stars contained hydrogen, heli im and 
asberium. We have also found (Chap. X) that those suh stances 
have the simplest series ; that is to say, one set of three. It is more 
than probable, although it is not absolutely established, that the 
lithium group of metals is also represented in stars of vei 
temperature. There, again, we have the simple series of one 
three. About sulphur we do not yet know positively, 
probable, I think, that sulphur may exist in the hot stars 
again, we get another simple set cf three; so that for three 
certain constituents of the hottest stars, together with one 
all probability and one doubtful, we are dealing with the 
series. 

But now comes the remarkable fact that side by side witjh 
simple substances we get in the hottest stars magnesium, calci 
silidmn. Of the 11 series " conditions of the last we know not hi 
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magnesium and calcium only subordinate series have been detdr 
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CHAP. XXI.] THE SIMPLEST ELEMENTS APPEAR FIRST. 

Wo cannot suppose that the absence of the principal 
ii greater simplicity, because I have shown that only 
lines in the spectrum of each of these substances has yet 
up in the series, and if the series represent the vibrat 
pin tide, of course the lines which are not represented in 
theory must represent the vibrations of some other par tic 
there we are face to face with the possibility of a greater 
the particles which produce the series than of those w 
stars give us the lines not in the series. These then are 
forms. 

Coming further down in stellar temperatures we f 
here we deal with six series iustead of three, or two, as 
magnesium and calcium ; and even then, as I have pointed 
not deal with above half the lines of the gas as we can 
higher temperature. This then, seems to suggest that in 
stars there are very various stabilities of very various for. 
there seems to be there as here distinctly the survival of 
otherwise how can we account for the fact that certainly 
stars we get three metals, magnesium, calcium and siliciun 
have indication of any other, and that where we have thosi 
bring our series touch-stone to them, we find that instead r 
simple they are really very complex as they exist here, f 
may be, we are now assured that there is a much greater 
some apparently more complex forms in the hotter stars than 
simple ones ; and that is a matter which the chemists, whe 
to inquire into these questions which we are now cons 
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certainly have to face. This suggests, too, another very 



ins 
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question. A great many simple organic forms appear 
graphic series at a late period; some of the simplest for 
others remained. Xow, it may be that some of the more 
in inorganic evolution, as in organic evolution, really re 
introductions; but, however this may be, it is perfectly 
we have not an absolute parallel between the results of 
scopic observations of series and the spectroscopic obsc 
stars. 

In all these changes we seem to be brought into presence of succes- 
sive complications rlue to reduction of temperature, but there is a 
longer series of complications in some substances than in others. 
Of the origin of proto-magnesinm and proto-calcinm the stars as yet 
tell us nothing ; but it is difficult to believe that the earliest forms of 
the other metals are not built up of some of the constituents of the 
heat ranges represented by those between 7 Argus and a Cruris, and 
that their other complications began later. 
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The next point is that the astronomical record, studied 
evolution point of view, is in other ways on all-fours with the 
record in relation to increasing complexity. ^'e note 
changes of forms, sudden breaks in forms, disappear, 
accompanied by appearances of new, forms ; and with thes 
to associate, whether we consider the atomic weight point 
the scries point of view, a growth of complexity. 

Although in this chapter I have chiefly referred to 
evidence, I mast not neglect to point ont that over a rest 
of temperature solar evidence can be utilized as well, 
brought the sun and the stars together into line in all ma 
to the discussion of the effects of higher temperatures, 
graphs taken during the recent solar eclipses show that w 
with the hottest part of the sun that we can get at, whiel' 
than that part of the sun which produces the well-known 
specuum marked by the so-called Franuhofer lines, we are 
unknown territory at all, but are brought face to face w 
phenomena to those in the atmospheres of stars which are 
our sun. The bright-line spectrum of the sun's chromos 
during an eclipse shows us the effects produced by heat in 
part of the sun that we can reach ; these we can compare w 
lines of a star which contains absorption lines very different 
represented by the Fraunhofer lines, and we find that they 
almost line for line. 

Such an inorganic evolution was suggested by me man; 
now, to explain the few stellar facts with which we were th 
I must point out, however, that we are now in a very u 
condition to consider this problem than we have ever 
because at the present moment we have tens of thousan 
almost say hundreds of thousands, of co-ordinated facts 
and it is not a Httle remarkable that now the gaps in our 
have been filled tip, we find ourselves in the presence of 
an evolution which is really majestic in its simplicity. 

It is proper that 1 should say that just as the work of 
the nineteenth century was foreshadowed by seventeenth c 
gestions, so the stellar demonstration with which we are 
been preceded by hypotheses distinctly in the same diret 
first stage of chemistry was alchemy; alchemy concerned 
transmutations, but it was found very early that the re 
of the later science of chemistry was to study simplifk«tl 
course, to do this to the utmost we want precisely those 
differences in temperature which it appears the stars alone 
disposal. 
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regard to the general question of inorganic evolution, the 
,'as thrown out in the year 1815 by Front, who, in conse- 
the low atomic weight of hydrogen, suggested that that 
was really the primary element, and that all the others, 
their different atomic weights, were aggregations of hydro- 
complexity of the aggregation being determined by the 
ght; that is to say, the element with an atomic weight of 
md 20 hydrogen units ; with an atomic weight of 40 it 
40, and so on. The reply to that was that very minute 
-ed that the chemical elements, when they were properly 
d examined with the greatest care, did 7iot give exactly 
bcrs representing their atomic weights. They were so and 
:imal, which might be very near the zero point, or half-wav 
d that was supposed to be a crushing answer to Trout's 
next view, which included the same idea- that is to say, a 
connection between these different things as opposed to the 
they were manufactured articles, special creations, each 
iv relation whatever to the other, was suggested by Dobe- 
817, and the idea was expanded by Pcttenkofcr in 1S50. 
1 out that there were groups of three elements, such as 
urn, and potassium, numerically connected; that is, thou- 
ghts being 7, 23, and 39, the central atomic weight was 



3 mean of the other two, 7 



39 



4(3, divided by 2, we 



th 



sreometn 



cal 



Another way, however, of showing that is that 7 + 16 = 23, 
16 = 39; the latter method suggests a possible addition of 
with an atomic weight of 16. 

2 de Chancourtois came to the conclusion that the relations 
e properties of the various chemical elements were really 
ical relations. It is not till 1S64 that we come to the 
periodic law," which was first suggested by Xewlands, and 
by Mendeleef in 1S69. According to this law, the chemical 
properties of the elements are periodic functions of then 
ghts. Lothar Meyer afterwards went into this matter, and 
some very interesting results from the point of view of 
nines. He showed that if we plot the atomic volumes of 
t elements, arranged according to their atomic weights from 
ht, there is a certain periodicity in the apices of the curve 
the highest atomic volumes. 

there was no reference to the action of temperature in rela- 
s, but in 1873 I suggested that we must have a fall of tern- 
stars, and that the greater complexity in the spectra of 
was probably' due to this fall of temperature. This idea 
utilised by Sir William Crookcs in an interesting varia- 
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tiou of the periodic law, in which he assumes that 
a part in bringing about the changes in the ehf 
ments. Brodie, in ls80, came to the conclusion th 
were certainly not elementary, because in what he 
calculus" he had to assume that certain substances, 
elements, were really not so; and he then threw ou; 
nant idea that possibly in some of the hotter stars 
ments which he predicted might be found. Xinc yi 
Jtydberg, one of the most industrious investigators of 
"series "to which I have referred, stated that most of 
of series could be explained by supposing that hydrog 
initial clement, and that the other substances were 
of hydrogen j so that he came back to Front's first v 
these ideas imply a continuous action, and suggest that 
original stuff which was continuously formed into £ 
complex as time went on. That is to say, that the 
chemical elements as we know them does not depend 
been separately manufactured, but that they are th 
working of a general law, as in the case of plants and t 

It will be gathered from the above statement that 
are entirely in harmony with the highest chemical thou; 
establish the correctness of its major contention. We 
pass from chemical speculation to a solid chain of fac : 
less will be strengthened and lengthened as time goes 
changes we seem to he in the presence of a series of 
possibility of which depends upon a reduction of tempi; 
may have been roughly, a scries of doublings, or the 
ties may also have been brought about by the un 
substances. In either case, as temperature falls, we 
of combinations which was not present before; so that 
complex forms are produced. 

In discussing the idea of evolution, both organic ar 
are driven to the consideration of a first form, from 
quent ones are derived. 

The method of inorganic evolution must depend 
which complications are brought about. Although in 
have dealt with the received chemical view, I shall she 
that it is not the only one we have to consider. 

It is well to point out that the inquiries referred 
are now not the only ones which suggest the evoluti 
matter from some primordial element such as I sugges 
explain the spectroscopic facts then available. 

I have already referred to the work recently 
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Mr. Preston, in disc 



iscussm 



] s 



perturbations of spectral lines 
ings of his results, thus writes 

" We have, I think, reasonable hope that the time 
ing when intimate relations, if not identity, will be 
between forms of matter which have heretofore been 
quite distinct. Important spectroscopic information 
same direction has been gleaned through a long series 
by Sir Norman Lockyer, on the spectra of the fixed s 1 
different spectra yielded by the same substance at di 
tures. These observations lend some support to th<[ 
entertained merely as a speculation, that all the 
matter, all the various so-called chemical elements, may 
some way of the same fundamental substance." 

In the same way Professor J. J. Thomson, in his ini 
gations of the cathode rays, after describing a new 
writes :— t 

"The explanation which seems to me to account in 
and straightforward manner for the facts is founded or 
constitution of the chemical elements which has been fj 
tained by many chemists : this view is that the atoms 
chemical elements are different aggregations of 
kind. In the form in which this hypothesis was enun 
the atoms of the different elements were hydrogen 
precise form the hypothesis is not tenable, but if w 
hydrogen some unknown primordial substance X, 
known which is inconsistent with this hypothesis, w 
has been recently supported by Sir Norman Locky 
derived from the study of the stellar spectra." 

On these points we must now go more into details. 

* Nature, vt>l. Is, p. ISO. 
f mil. Mag., 1897, p. 311. 
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It may lie of interest to briefly consider the 
evolution in relation to those of organic evol 
referred to the fundamental difference in the 
evidence of a running down of temperature w 
in the case of the stars ; in the case of the org, 
at the present time, we cannot he very mnch 
peratnrc conditions of the Cambrian format 
which I have made before, and it is important to 
there cannot have been any very great change 
the whole cycle of organic life. Previous to it 
plexity brought about, possibly by doublings, 
Inflations, the result being, as I have already 
plex forms. Of course, at the dawn of organic 
the earth there may have been residua of the 
that is to say, not all the elements which we 
had combined to form the substances of whic 
posed. However this may have been, althougl 
evolution, unlike that of inorganic evolution, 
under widely different temperature conditions, 
same ; it has since provided us with another suet* 
more complex as time has gone on, and there is s 
forms. 

AVe are led, then, to the conclusion that life 
on this planet, now acknowledged to be the 
was an appendix, aw it were, to the work 
carried on in a perfectly different way. Altbou 
ent, still nature is so parsimonious in her m 
a thing in two ways that can be as well done 
no doubt that when these matters come to b 
are bound to be considered with the progre 
wc shall find a great number of parallels ; but 
with parallels now. 1 wish to refer to a ch 
which I think of some importance in relati 
before; it is a point which I wish to make 
existence of those elements which make their 
stars. 
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jh the way was differ- 
s — she never does 
in one -that I have 
; considered as they 
s of our knowledge, 
I am not concerned 
fsmic.il point of view- 
to what has gone 
depending upon the 
aranceiii the hottest 



o i 
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In inorganic forms, in those represented 
and the stars of gradually lower tempo 
duced by a method by which complication 
method may proljably he, we shall conside 
these complications the more the earlv foi 
unless we may take it that they may h 
to reappear by the destruction of the latei 
bear in mind. If the simpler forms must 
the more advanced forms, then if all the s 
the only chance of getting the simpler for 
thing which had been previously made 
of course, thai there were many conditions 
at the time when the crust of the earth w 
ever that may be, the gaseous elements, to, 
elements first formed, would he the chief 
surface and over it. Xow the substances 
would he the gases, hydrogen, oxygen, 
stellar evidence we may suggest carbon 
to say r , hydrocarbons, carbonic acid, and so 
the surface be one of land or water, we shov 
low melting point metals lithium and sod: 
we know existed in the hottest stars lon( 
calcium, and silicium. Lithium probably 
some of the relatively hot stars; the cvid 
and this is rendered more probable beea 
spectrum-series. Xow these are very 
seem far away from ordinary chemical c 
coincidence that they are the important 



as 



nitro, 
CCm 



cn 



sub. 



Constituents of Sea-uater. 
Chloride of sodium 

Sulphate of ,, 

,, lime 

,, potash 
Bromide of magnesium. 
Carbonate of lime 

The most easily thinkable organic ev 
stances would be that of organisms built 
chiefly because they would represent the 
plastic materials ; we should not expect 
begun in iron, but rather in something th< 



160 



to us ill the hottest stars 
rat nre, we have forms pro- 
s brought about; what this 
later on. Now the more of 
ms must have disappeared, 
.ve been made occasionally 
forms ; that is a point to 
fco on combining to provide 
impler forms are so used up, 
again is to destroy some- 
1 we can quite understand, 
of this destruction possible 
being formed. But how- 
aether with the non-gaseous 
chemical substances on the 
over the crust, of course, 
gen, and dealing with the 
bined with them ; that is 
On the surface, whether 
Id expect, in addition to the 
, those three metals which 
before the rest, magnesium, 
uid sodium certainly exist iti 
mee also suggests sulphur, 
iso of the simplicity of its 
remarkable associations, and 
ousiderations. Is it a mere 
tauces in sea water '( 



i eta 
10-87 

300 



46 
21 
34 



ilution under these circum- 
i]) of these chemical forms, 
more mobile or the more 
organic evolution to have 
most mobile and the most 
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tin 



plastic at the 
would be those 
I have referred, 
composed were 
would he used 
certainly to a 
a dead-lock when 
tion of temper 
among the organ 
but I feel .almost 
in mind. Tf wh 
results instead o 
better if a dissol 
induced, progres 
it might be f 
The new 
user of the ch 
but they would 
dueed by the 
shoddy chemical 



e. The available matter then for this evolution 
plus those metals and those non-metals to which 
Now, supposing such an evolution, if the forms so 
■;o be multiplied indefinitely, the available material 
p and organic evolution would be brought just as 
lock as the inorganic evolution was brought to 
there was no possibility of any considerable reduc- 
:*e. We should expect a tendency to growth 
:c molecules, 1 dare not call it an inherited tendency, 
inclined to do so, having the growth of crystals 
i:n these new organic forms had been produced, the 
being stable were emphatically unstable, and still 
ution or the destruction of parts or wholes could be 
would always continue to be possible, and indeed 



gises 



dead 



a tur 



accelerated. 



organic 
emiea 



hav 



than none. Un 
kingdom could g 
of the new organ 
might even be ai 

It therefore 
these very early 
Tennyson 



■* ily friend ani 
connection to Profe: 
who seems to have 
different road. He 
became limited in i 
unlimited, but 
luxury without a 

The general vieip 
so naueh a question 
might live ; it was a 

The whole qiie; 
excess of the early 
llence it may turn 
forms, that is, that 
greater rapidity. 
Dautec, ha Sexaa 
the somatic cells 



lit 
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molecules would ultimately not have the first 
1 forms left available by the inorganic evolution, 
e the user of the gases and other substances pro- 
c dissolution of their predecessors. They would be 
fornix, it is true, but shoddy forms would be better 
der these circumstances and in this way, the organic 
i on; mother words, the dissolution of parts or wholes 
sms would not merely be an advantage to the race, but 
essential condition for its continuance, 
ooks very much as if we can really go back as far as 
stages of life on our planet to apply those lines of 



" So careful of the type she seems, 
So careless of the single, lift;." 



bee iu 



pi rpose 



colleague, Professor Howes, has called my attention in this 
sor Weismann's views ( Weixmanu on Heredity, toI. i, p. 112), 
arrived at somewhat similar conclusions though by a vastly 
say?, in his Essay on Life and Death, " In my opinion life 
9 duration not because it was contrary to its very nature to be 
se an unlimited persistence of the individual would be a 
e." 

I have put forward, however, suggests that perhaps it was not 
of luxury for the lie iug as one of necessity in order that others 
case of Morsjatina vitae. 
tiou turns upon the presence or absence, in all regions, of an 
mieal forms ready to be used up in all necessary proportions. 
out that the ditlieulty was mueh greater for lard, than for sea- 
dissolutioa of parts or wholes of land-forms proceeded with 
s a question of the possibility of continuous assimilation (see 
e, p. 11), and the word "farts" which I have used refer? to 
not to the " immortal " pa:f of living organisms. 



It 
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Com 
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We have arrived, then, at a condition in which 
may be worked up over and over again. In this way 
forms might be produced. Now, if to this dissolution 
giving ns new material, we add reproduction, then w 
very much further. If we take hi-partition, whi 
method of multiplication, as we know, both in 
animal world, and then obtain a multiplication of 
instead of the inorganic multiplication of forms by 
we can have a very much increased rate of advance. 

These, then, roughly, are the ideas touching 
which arc suggested by the stellar evidence as to 
and the collocation of the simplest forms noted in the 

Let us turn finally to the facts. .Biologists are 
happy than astronomers and chemists, because they 
A chemist professes to believe in nothing which be 
bottle, although 1 have never yet seen the chemist wh 
enough to bottle an atom or a molecule as such ; 
still remains with them, and they profess to believt 
they cannot see. Now, the organic cell, the unit oi 
itself a congeries of subordinate entities, as a moleclil 
its elementary atoms, manifesting the properties 
matter in all its forms. 

The characteristic general feature of the veg 
plant forms is their feeding upon gases and liquid, 
water. The progress of research greatly streng 
there was a common life plasm, out of which both 
the animal kingdoms have developed. Be that as it 
that the vegetable grows upon these chemical forms 
referred, and the animal feeds either upon the pi 
animals which have in their turn fed upon plants ; 
get the real chemical structure of the protoplasm, of 
in our organic evolution. 

Here another question arises. Is there any 
between the chemical composition of the organic cell 
layers of the hottest stars — the reversing layer b 
star's anatomy by which we define the different genera 

When we study the chemical composition of thi 
consists of one or more forms of a complex 
hydrogen, oxygen, nitrogen, with water, called 
plasm, the common basis of vegetable and animal 
posed. This substance is liable to waste and disintcgn 
and there may be a concomitant reintegration of it b 
of new matter. 



le same material 
■ Utimately higher 
as a means of 
e can go a stage 
was the first 
vegetable and 
forms by halving 
plicating, then 



Athens 



put 
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organic evolution 
game evolution, 
hottest stars, 
very much more 
see their units, 
does not get in a 
0 was ever happy 
the superstition 
in nothing that 
the biologist, is 
e is made up of 
common to living 

□table activity of 
3, including sca- 
the view that 
the vegetable and 
may, it is found 
to which I have 
or upon other 
30 that there we 
the real life unit, 

(fhemical relation 
ind the reversing 
g that part of a 



l: it 



jeiu 



cell we find it 
compound of carbon, 
ein ; and proto- 
life, is thus com- 
liion by oxidation, 
the assimilation 
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The marvellous molecular eotnple 
may be gathered from the following ft 

Man ... ... Cow 

Horse ... ... C:]> 



jpiy of the so-called simple cell 
■nulla: for hiwniosloliin 



hem: c 



Mr 



print ip. 



Various different percentage con: 
protoplasm, hut I need not do more 
important to consider the other e 
it, for there are others besides which it 
stellar point of view. I quote from 3 

" Protekls ordinarily leave on igt 
In the ease of egg-albumin the 
chlorides of sodium and potassium, th 
amount. The remainder consists of so 
tion with phosphoric, sulphuric, and 
quantities of (•"Iriaw, iiutyue.rituyi, and 
acids. There may be also a trace of s 

Have we here more coincidences 1 < 
into the chemistry of these things the 
our stellar point of view, and to the 
chemical form as determined by the 
ehemical substances in the hottest star 
and in relation to the "series" of 
come to the conclusion that the first 
somehow or other between the nn 
Not only have wc hydrogen, oxygen, 
common to the organic cell and the 
in addition which I have indicated by 

Is it possible that we have here a 
tbc stars ? 

There is still another point rega 
of the two evolutions, inorganic and 



ipositions have been given of this 
than refer to them. It is more 
al substances which go to form 
is of interest to study from our 
. Sheridan Lea.i 
tion a variable quantity of ash. 
ipal constituents of the ash are 
latter exceeding the former in 
Hum and potassium, in combina- 
carbonic acids, and very small 
iron, in union with the same 



fact 



don I. 



organic evolution in regard to inorganic 
I do not wish to call too much i 
it is entirely hypothetical ; but it is c 
ciples, so that it shall go as little 
drawing a line at the bottom, to 
certain temperature values are indicfi 
diagram. Then we have the assum 
amount of heat in an equal period 
at the bottom we have relative times 



re pre; 
ited 
ptior 



* Terirorn, p. 10+. 
t The Chemical Bases of the 



[CHAP. 



■ifiat." 

r is it that the more one inquires 
more we are brought back to 
that, taking the simplicity of 
appearance of these different 
as opposed to the cooler ones, 
spectra which they produce, we 
organic life was an interaction 
rted earliest chemical forms ? 
and nitrogen among tbc gases 
htittest stars, but those substances 
talies. 

qlnite new bond between man and 



rding 



this question of the relation 
organic, I refer to the place of 
evolution in the scale of time, 
attention to this diagram, because 
onstrncted on the simplest prin- 
vrong as may be. I begin by 
sent the zero of temperature ; 

on the left-hand side of the 
ion that a star loses an equal 
of time. In that way, then, 
at the side we have tempera- 



Animal Body, p. 5. 
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tnres, in centigrade degrees. Water 
ture above absolute zero, and boils at a 
marked on our temperature scale. The 
about half way between the boiling poi 



3000O* 



23 000* 



it 



ARCONIAN 
ALNSTAMIAN 
ACHERNIAN 
ALCOLtA^J 



ireezes at a certain tempera- 
certain other point ; these are 
we have to remember that 
and the freezing'point, all 



20000 



MARKABIAM 



[SOOtf 



10000 



60OO 




ITS 



3 IRIAN 

PROCYONIAM 
ARCTURIAN 



Fig. 44. — Diagram sbcraung that organic <?vol 
line representing the time and te: 
ganic evolution. 

the organic life with which we are fanii 
geological evidence and our own experie 
temperature of somewhere about, let us s. 
then, we get the limit of organic life 



, PISCiAtf 

I OS M.A I RIO, MELT 
! IRON MELTS 



V«TCFt8crLS 1 
ICE MELTS 1 



[ORC.CVOL 



tian occupies only a point in 1 lie 
jpjjr Lit ure range required by ino?- 



liar on this planet, from the 
rjiuj, mu*t]have gone on at a 
;iy, from 50 to 40 G. There, 
in relation to the possible 
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tat 



fouin 



t tie 



ot 



inorganic life represented 
stars. 

AVe know from laboratory 
perature are about the 
are, which is about 3,500° 
It has also been stated by 
the sun, measured by sever 
8,000^ and 9,000' C, so t 
course we have no meanfe 
hotter stars, so I have v 
that possibly we get about 
those stars as we have 
stars from experiments on 
thing like 5,000° C. We h 
of temperature for each 
brought together in Chapter 
the diagram of something 
to draw a diagonal Hue or 
considered. On this the 
thing which has taken pi 
of our planet from the pre- 
by a small dot. 

It looks, therefore, very 
analysis, may probably be 
deal with a multitude of 
with which all the ehang 
invisible on a diagram of 
some help in determining t 
indicated, the wonderful 
in the organic cell and th 
the greatest amount of 
the surface of the cooling 
of organic evolution itself. 
In this way, then, we 



lace 



thought, which has to do 



to the Sun's Place in Nature 
that the more different 
react on each other, the 
uuon the mind. 



[chap, xxn 



by the various chemical changes in the 



results that the stars of lowest tcm- 
s|ame temperature as that of the electric 
and so we put the Piscian stars there, 
r. Wilson lately, that the temperature of 
U physical methods, is something between 
we put there the Arcturian stars. Of 
of determining the temperatures of the 
entured to raake a very modest supposition 
lalf the difference of temperature between 
d between the Piscian and the Arcturian 
earth. That will give us, roughlv, some- 
d, then, that if we assume equal increments 
the different genera of stars that I have 
VII, we get a temperature at the top of 
I|ike 28,000" C. AH we have to do, then, is 
which to mark the various temperatures 
ganic evolution, which represents every- 
with regard to living forms on the surface 
Laurentian times to our own, is represented 



ors 



of 



much as if these recent results of spectrum 
greater value in the future, because they 
changes and a period of time compared 
as discussed by the geologists are almost 
is size. Not only shall we have probably 
lis scale, but I think that, as 1 have already 
similarity between the substances contained 
jse which would most likely be free when 
chemical combination had taken place on 
world, will throw some light on the basis 



have really been only continuing a train of 
with Man's Ftace in Nature, in relation 
; and finding fresh grounds for thinking 
branches of science are studied and allowed to 
ore the oneness of Xature impresses itself 



in 
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ict.s 



one 



sufficiently 
coupl 



exi 



n<n 



Is the study of the f. 
stellar spectra, there is 
quired into. In the jjt 
now to face, it is 
tinuously increasing 
evolution the biologist h 
a like inerea.se of compi 
So far the processes 
have only been referred 
gain a more detailed i 
plcxity has been arrived 
tion to chemical theory. 

If we ask the r. 
the case of known 
by analysis. Chloride 
formed l>y the combinat 
to deal with the foi 
such easy solution of 

If in order to investi 
by compound bodies as 
the elements themselv 
forms. 

But as a matter o 
not the only one known 
centage composition \v 
series of hydrocarbons i 
or greater complexes, 
that these higher 
similar lower complexes 
We are then famil|i 
which we may repres 
nation), producing a foi 
This, then, is the pi 
of these methods have 
we are justified in 



of inorganic evolution presented to us by 
point of paramount importance to he in- 
tlems of inorganic evolution which we have 
obvious that we have to deal with a con- 
exity of forms, precisely as in organic 
is had to deal, and has dealt successfully with, 

ty of organic forms, 
by which complexity has been brought about 
to generally ; it is time now to endeavour to 
ght into the methods by which inorganic com- 
at. 1. will discuss this question first in rela- 



questnn 
chem: cal 



•mat] m 



the 



corr.pL 



BILt 



CO) IS) 



RGANIC EVOEXTIOX FROM A CHEMICAL 

Standpoint. 



How has complexity been brought about in 
compound bodies ? an easy answer is given 
of sodium, for instance, is thus found to be 
.on of chlorine and sodium. But when we wish 
of the so-called " elements " themselves, no 
question is open to us. 
gate the problem we take the analogy furnished 
our guide, we should say that the molecules of 
c= were produced by the combination of unlike 



: fact, this method of producing complexity i* 
to chemists. There are bodies of the same per- 
hich differ in molecular weight; the methane 
3 a case in point ; the higher molecular weights, 
re produced by additions of the unit CHj, so 
exes are produced by the combination of 
This process is termed polymerisation, 
ar with two methods of increasing complexity, 
by u + a (polymerisation) and ,' + '/ (conibi- 
m A. 

oblem from the purely chemical side. On which 
;he elements themselves been formed, now that 
clering them as compmuid bodies 7 1 suppose 
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ilissociation 
merisation ; 
((() weighed 

point of 



tint chemist!; when hypothetically considering the possible 
of the chemical elements would favour the view of depoly 
that is, the breaking up of a substance A into finer forms 
by A "2 (or A 3), rather than a simplification of A into x anil 
The method of attacking this problem from the chemical 
view in ths first instance, must be a somewhat indirect one 

The Stars ami the Periodic Lav:. 

In Chap. XXI I referred to the important hypothesis -yvit forward 
by Newl&nds, Mendeleef and others in relation to the so-called " periodic 
law," which law indicates that certain chemical characteristics of the 
elements are related to their atomic weights. 

It will be well now to study this question with a view of discussing 
it more fully in the light of all the facts known to us, among which 
the stellar evidence and that afforded by the study of series are, I 
think, of especial importance; sin?e it nny be said that we arc now 
absolutely justified in holding the view that of the lines which make 
their appearance in ihe spectra of chemical substances when exposed 
to relatively high temperatures, a varying proportion is produced b// 
the cunatitiirnte of Ike substance, whether it be a compound like the 
chloride of magnesium, to take an instance, or of magnesium itself 

Now the periodic law based upon atomic weights deals with each 
"element " as it exists at a temperature at which the 
handle it : that is, if it be a question, say of magnesium, the chloride or 
some other compound of the metal must have been broken up, and 
the chlorine entirely got rid of before the pure magnesium 
handle, and of this pure magnesium the atomic weight is 
having also regard to its chemical characteristics, its position in the 
periodic system determined. 

But if the magnesium be itself compound, the position taus assigned 
fov the element is certain not to tally with the stellar evidence if the 
temperature of the star from which information relating to i : is obtained 
is high enough to continue the work of dissociation ; that is, to break 
up magnesium itself into its constituents as certainly as the chloride of 
magnesium was broken up in the laboratory in the first instince. 

It is now known that dealing with this very substance magnesium, 
high electric tension brings us in presence of a spectrum which con- 
sists of at least two sets of lines, numerous ones seen also at the 
temperature of the arc, and a very Test lie ted number which make their 
appearance in the spark. 

If this be the work of dissociation — and, as I have shown, the 
proofs are overwhelming — -the "atomic weight" of the pa! 'tide, mole 



is there to 
found, and, 
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theref- 



period 



cule or nms, call it w 
of line;— the enhancec 
by the breaking up of 

And now conies 
tf.-xitiff that the smaller 
heeii /fff intfntal, their ' 
Jiff i"" ■?)"/ been determim 
cannot if- indicated as it 

My contention, 
parent discrepancies 
evidence and the 

The magnesium, i 
studies at relatively 1c 
40 respectively, and i 
the periodic law if ma 
(23), and calcium (40) 
should make its appe. 
weight than itself. 

But, and as:ain for 
magnesium and ca 
the high temperature 
before known lines 
weight of 16. 

How are these 
nation is that the subst 
nesiuni and calcium 
weights (smaller mas 

Let us next, then, 
Assuming A 2, the? 
12 ; of proto-ealchmi 
has taken place. If w 
as the "atomic" weif 
calcium which make 

In this way we can 
magnesium and calcium 
merifations, and the s 
woidd be the same : — 



Ipat we will, which produces the restricted number 
lines — must be less than that of the magnesium 
which it is brought into a separate existence. 
";he chief point in relation to the periodic law. 
iitaa.n'.i which produce the enhanced, lines hare itnf 
'atomic" weight* and their chemical choraeteriMir* 
(J, ani to of coarse their places in the periodic tahlr 
at present e,cist*. 

ore, is that some, at all events, of the ap- 
or there are discrepancies between the stellar 

ic" hypothesis arise from this cause, 
d I will now add calcium, which the chemist 
temperatures have atomic weights of L'-i and 
e stellar evidence would be in harmony with 
a;nesium ('24) made its appearance after sodium 
after chlorine (39), and generally each substance 
ifance after all other substances of lower atomic 



ileium 



in 



resr.lt 



au 

ses 



ttoivi 



-,0 



the 



Hu 



So much, then, for 
considered is, is depoly 



the sake of simplicity I shall confine myself to 
for the moment, in the stars we find lines in 
pec tr mn of magnesium and calcium appearing 
the spectrum of oxygen which has an atomic 



s to be reconciled 1 I suggest that the expla- 
ances revealed by the enhanced lines of mag- 
d noted in the hottest stars have lower atomic 
s) than the oxygen of the periodic table, 
see what these atomic weights may possibly be. 
ic weight of proto-magnesium would be 24 2 =■ 
2 = 20, supposing only one depolymerisation 
! assume twodepolymerisations, we get 6 and 10 
hts of the simpler forms of magnesium and 
ir appearance in the hottest stars, 
explain the appearance of those finer forms of 
before oxygen, with a small number of depoly- 
tellar record of the order of atomic weights 



rogen 
■calei am 



roi o 

Proio-ma^neiium 

03 



1 

H> 
12 
10 



a possible reconciliation. The next point to be 
merisation en such a small scale sufficient " 
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To do this we have to see the basis of the 
1C, and consider the series question in r 
necessitates a reference back to Chapter X, in 
the simp] est case presented in series phenom 
us by sodium and other elements which run 
spectral changes at a low temperature, 
spectrum stage we have three " series," oat 
ordinate (first and second). The former 
constantly seen at all temperatures, the first 
the second subordinate the green line, repr 
lines which are best seen both in the flame a 

The two subordinate series of sodium 
elements so far examined, have the peculiari 
the same wave-length, while the end of the 
a different, sometimes widely different, wave 
stone of the highest importance, as we 
solidarity of the two subordinate scries, an< 
them and the principal scries. 

Although the original idea was that all 
by the vibrations of the same molecule, 
phenomena alone are simply and sufficiently 
that we have three different masses vihratin 
producing the subordinate series, can be 
producing the principal series cannot. The 
red and green lines seen best at the lower 
alone, and it is a matter of common 
representing the principal series is genera 
abolished at high temperature as the others i 
vibrations of which give us the yellow lines, 
ing up of more complex forms at a low stf 
be destroyed by the means at our command, 
tive of the element sodium. Because the 
which produce the two subordinate series r 
green lines, are easily destroyed by heat, 
scarcely ever at high temperatures when 
as I pointed out years ago, " the more there 
time is required to run through the serie 



[CHAV. 

atomic weight of oxygen 
elption to oxygen. This 
which 1 pointed out that 
ena is that placed before 
through all their known 
Dealing with the line 
principal and two sub- 
coptains the orange line T>, 
subordinate the red line, 
ntatives of two series of 



like those of all other 
that they end at nearly 
principal series occurs at 
length. This is a touch- 
s!hall see ; it points to a 
1 to a difference between 



thr; 



obs 



exper:enc 



.1 re. 



This view is greatly strengthened by conlside 
which, if we accept Pickering's and liydber 
three series, one principal and two subordinat 
I refer to hydrogen. The facts concerning 

Till a short time ago we only knew of 



arc. 



ee series were produced 
crvations of the sodium 
r explained by supposing 
s:, and that two of them, 
broken up by heat, while that 
series represented by the 
temperatures have been seen 
e that the yellow line 
[ly seen alone ; it is not 
Because the mass, the 
is produced by the break - 
,ge of heat, and it cannot 
is the common representa- 
masses, the vibrations of 
^presented by the red and 
are more rarely seen ; 
quantity is small, since, 
is to dissociate, the more 
and the better the first 



i; 



th ey 
the 



ring another substance 
's results, has like sodium, 
in quite orthodox fashion, 
hi oh aie given on p. 95. 
one "series" of hydrogen, 



(S 
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FROM 



and on this gvound 11y< 



til 3 



matter known, regarding 
series as more complex, 
pressed above. 

Tf we accept the 
identical with sodium in 
mendous difference. I 
liimsen is sufficient — see 
even the Spottiswoode e 
subordinate series. At 
principal series are visi 
believing to he hotter 
coil. 

The argument for 
dneing the three different 
is therefore greatly stre 

I shall therefore t 
more complicated phenc 

Oxygen, instead of 
point such as sodium, ; 
been divided by Finns 
each set possessing one 

There is evidently a 
series of hydrogen to 
similar to that obtained 

Before we go furth 
simplifications. Let us 



dperg assumed it to represent the finest form of 
the other substances which give three normal 
This idea is in havmonv with the view ex- 



reepnt suggestions, we must regard hydrogen as 
its series conditions. But there is this ti'e- 
sodiuin we easily at low temperatures — ths 
all three series, while in the case of hydrogen 
ril can show us nothing more than one of the 
the same time, the other subordinate and the 
We in stars which we have many reasons for 
than the spark produced by the Spottiswoode 



iss tin 



an 



e: - 



and hydrogen in the fir 
ing table : — 



Sodium. 

' Principal 
!■ u bord mate 



Line stage 

Fl nl in gs 
Continuous 



subordinate 



te | 



We may now bring 
first from Egeroff that 
is so molectdarly c 
the red part of the sp 



A CHEMICAL STANDPOINT. 



existence of at least three different masses pro 
series, derived from the sodium observations, 
gthened by what we now know of hydrogen. 

e it in what follows, which has reference to 
mena. 

"laving three series like metals of low melting 
d the gas hydrogen, has six. These six have 
e and i'asehen into two normal sets of three, 
principal and two subordinate series, 
new problem before us : we require to add the 
the series of sodium to get a ,L series " result 
from oxygen. 

it will be well to consider the possible order of 
take the simplest ease represented by sodium 
t instance. The facts are shown in the follow- 



High temperature. 

Hyd fogen . 

{Principal 1 Celestial 
Subordinate J eas. 
Subordinate ^ 



Celestial 
and ter- 
restrial 
vapour. 
Terres- 
trial 
var.our. 
Solid and 
iquid. 

Zo!(> temperature 



Structure spectrum 
Continuous 



[ Terrestrial 



•-J 



these results to bear upon oxygen. \\ e learned 
this gas at ordinary temperature and pressure 
onsdtuted that it produces a tinted absorption in 
2ctrum. On account of the constancy of the 

M 2 
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to 



1*0 

results obtained Iry c. 
molecules, the tinting 
cules of one complex 
If we subject it 
the action of such a 
normal sets of three 
impossible to consider 
in the ease of sodiun. 
chemical view that 
np into two, until fir 



.icmists ire cannot he dealing with a mixture of 
absorption therefore must be produced by inole- 
y having an " atomic weight " of 16. 
an induced current at low pressure (at which 
current if? feeblest), it at once breaks up into two 
series, that is six series altogether; it is almost 
this state of things in the light of what happens 
mid hydrogen without assuming on the ordinary 
e " molecule " with the tinted spectrum is broken 
llv we £et — - 



.ia 



Line speetiu m 



Rut if we accept 
viilcs of the subordinate 
be identical, because 

If we hold to deplol 



rent 



and we get six depol 
The number of 1 
trum of oxygen at 
referred to contain u 
strong induced car 
guish these six scries 
containing a still g: 
Only one line is 
About the scries 
profoundly ignorant 



com non 



IXOKCAXtt EVOLUTION". 



[chap. 



Jiiyk temperature. 
Set A. 
f Principal scries. 

I I 

, . -| Subordinate. 

I 

^Subordinate. 



S::t E. 
Principal series. 

Subordinate. 

t 

Subordinate. 



Fluted spectrum. 
Loir temperature. 

this, we give up depolymerisation, for the mole- 
series of sets A and B thus produced cannot 
their spectra are not identical, 
vmerisation we must arrange matters thus — 



Set B or A 



f Principal. 

I 



Set A or'B 



«{ Subordinate. 

I. I 

^Subordinate, 
['Principal, 

! I 

. . <, Subordinate. 
I „ i 

(^Subordinate. 
Fluted spectrum. 

vmerisation s. 

ines measured by Knnge and l'ascheii in the spec- 
low temperature was 76 ; of these the six series 
3, leaving 20 residual lines. Xow if we employ a 
at atmospheric pressure, we practically extin- 
of lines and produce a new spectrum altogether, 
renter number of lines: 114, according to Xeovius. 
to his table and that of Knnse and Pascheu, 



conditioning of these new lines we are at present 
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FROM A 



Let us take the simp! 
continuity, and suppose th 
the breaking up of the mol 
the previous table into re 
as we know it, is broken 
temperatures. 

Have we, on the line 
estimating the munher of l\ 
the 113 new lines ? 

One possible way — a 
the number of lines alreac 
A 7000 and A 2600 of the 
scries — lithium, sodium, p' 
find that the number of li 
as follows : — 



est 



course in harmony with the principle of 
the great number of new lines is due to 
eules of the uppsr principal series given in 
picsentativesof a still finer form, as hydrogen, 
up 



f reasoning wc are pursuing, any means of 
er forms which may he at work to produce 



St: 



atistical way — seems open to us. Taking 
y recorded in the spectra roughly between 
following substances, which give us three 
utassium, helium, asterinm, hydrogen — we 
nibs in each series and the total numbers are 



Principal ;enes 
lirsfc subordinate 
Second suliordinut 



Totals 



This indicates that in 



with — 



which give us 56 lines fo 
almost exactly four additi 
possibility of twelve more 
fication is considered. 

Of course we can halve 
ing that the fluting moleeu 
up into x and y, the bases <. 

Now it is this last crop 
the hottest stars, and no 
simplification whieh may in 
before they were brought i 

Our base of 16 then vn 
possible atomic weights of 
precede the appearance of 
therefore assume further 
beyond those considered in 

I now come to another 
bear upon hydrogen with 
we know nothing spectros 



one 



CHEMICAL STANDPOINT. 



li'l 



into a finer form at the highest stellar 



Mas i uiira 


Aliminum 


Aver.i ge 


number. 


number. 


n uuibur. 


10 Asl, 


1 11 


7 


IT II> 


6 .Xa 


y 


12 lie 


4 Li 


8 


39 


11 


21 



oxygen we are slightly above the average 
2S lines per set. If wc take the facts for oxygen itself, 



two sets of three, the 113 lines will give 
1 sets of three series, and therefore the 
lepolymerisations if this method of simpli- 



lona 



the number of depolymeiisations by assum- 
instcad of being depolymei ised is broken 
the two systems of series, 
of new lines alone whieh is represented in 
!, I think, will now urge that some kind of 
;lude depolymerisation has not taken place 
evidence. 

hes, and with it the previously considered 



nto 
iris 

,hc forms of magnesium and calcium which 
oxygen in the hottest stars. We must 
depolytherisations in the case of these metals 
;he first instance. 

point. How do the above considerations 
,3 atomic weight of 1 t Of this hydrogen 
■ically. There is evidence that it is broken 



:t. 
ct pi 
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INOKGANIC EVOLUTION 



an 



ii]) into something which gives the com plica ted s 
with hundreds of lines not yet sorted into series!, n 
scries seen in our laboratories and in the cooler star 
two other forms we eannofc get here. 

Let ns apply the statistical method we employ 
oxygen. 

Tn the region included in these inquiries the mi 
lines in the three series referred to is 17, Hasselbb 
454 lines in the structure spectrum between AAC42 
this spectrum is built up of series similar to thos 
highest temperatures, we must have more (seeing 
■154 

work was limited) than = ± 27 series or 9 sets 

' 17 

then altogether with 12 depolymerisations. 

But to be on the safe side, let us assume G on the 
lines in the series may be more numerous, and thp 
berg's lines may be due to fiutings. It will be clear 
or "atomic weights 11 we arrive at must be very sir 
story : — 

"WUerc existent. Series, &c. 



[CHAP. 

structure spectrum 
iin into the one 
i, still again into 

<:d in the case of 



ber of hydrogen 
rg has measured 
d 441. Now if 
; observed at the 
that ilasselherg's 

oE 3 e:ich. We deal 



ground that the 
t some of Hassel- 
that the masses 
ill. Here is the 



Spectrum. 
Line s pact rum 



Fluted spectrum .- ■{ 



j Celestial 

[ Terrestrial 

f Set B 
[ Terrestrial 



| Set A 
^Terrestrial 



Continuous spectrum 



f Principal 
\ Subordinate' 
Subordinate 
[" Principal 

< Subordinate 
[ Subordinate 
f Principal 

< Subordinate 
[ Subordinate 

f Hydrogen weigl: 
\ in the cold 



ea. 



Such a conclusion as this, and therefore the 
led up to it, must stand or fall according as science 1; 
such masses. 

I shall show subsequently that, thanks to the 
Prof. J. J. Thomson, science is beginning to know a 
masses, ami the result of this work may therefore fai 
polymerisation is a rem rauxtt for molecular complcxil 
the cases of elements of low atomic weight ; if we a 
chemical view. 

Let us then consider the ease of those element 
of which is greater. In the first stages of evolution 
with substances of relatively low atomic weight, t 
supplies ns with definite landmarks, and these arc 
spectra of the hottest stars .are not overcrowded wit 
have passed the gaseous and proto-metallic stages 



ed 



ilnss. 

0-0019 

OOOI39 

0-007S 

O'OIofi 

00312 

0'0625 

0125 

025 

0-5 

1 



.soiling which has 
uows anything of 

investigations of 
3;reat deal of such 
our the view that 
y, at all events in 
:cept the ordinary 



tlhe atomic weight 
in which we deal 
.ie stellar evidence 
nite because the 
lines, After wc 
however, we find 



defi 
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FROM A CHKMICAL STAND I'd INT 



ht 



the spectra full of lines which we see at the 
and metals of relatively hmh atomic wei" 
involved; the exact .sequences are naturally 
and therefore the method of evolution may 

Kayser and Rnugc have shown that the 
found influence on the "series" conditions, 
melting points, such as barium and gold, 
There is generally such a flood of lines that 
sible to disentangle them ; we have the 
hydrogen repeated in these metals at arc ten 
" are spectrum." 



temperature of the arc, 
find melting point are 
more difficult to follow, 
escape us. 

melting point has a p:o- 
Those with the highest 
present us with no series, 
it lias been so far impos- 
structure spectrum " of 
peratures in the so-called 



m bi 
ato 



u;. 



rel 



1 have already said that I think most 
that the formation of larger masses by poly 
than by the coming together of dissimilar 
chemical compounds, certainly the analogy 
latter view if the principle of continuity be t 
are ignorant of the point at which one evol 
favour of another. The present separation 
bodies is, indeed, simply a measure of our u 
feebleness of our laboratory resources in 
required to produce more and more simplifie 

I discussed the question in my L'hem 
and showed that the analogy of the comp 
series beginning with CIX> suggested a 
sequence. 

a h, separate. 
a + b, combined. 
a + (k + h), written by elic 

and so on. 

In the concrete hydrocarbon series we 
of CH-2 to CII4 until we reach a molecule 
the building up of this molecule can be tn 
we can imagine it simplified by successive $} 
CII.1 ; we pass from a simplification which 
simple hail ing to one which provides us 1 
small masses. 



chemists would consider 
•isation is more probable 
ms ; but if we consider 
is all in favour of the 
alten into account, for we 
ionary process resigns in 
of compound from simple 
norance arising from the 
ation to the temperature 
a|tions. 

fry of the Sun in 
■lately studied hydrocarbon 
hypothetical elemental 



ists ah-2- 
ah). 

have continuous additions 
defined by CmHai, and as 
iced without difficulty, so 
ahlintj* of its constituent 
we can bring about by 
ith relatively large and 
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>pe 



er 



ordjr 



The next question which arises is whether there is any way e 
us of getting still more light on this matter beyond that furnish 
orthodox chemistry. 

With the progress of science the idea of "atoms" has ecmsiile 
changed. 

Formerly they were regarded as merely chemically different 
element to element; the recent investigations have introduced a 
conception. It is now no longer chemically different matter m 
but matter, whether chemically different or not, cttrnjintj an >■ 
fhnrije. In the first work along this new line, physicists, in 
grapple with the phenomena of electrolysis and solutions, ini, 
sub-molecules or sub-atoms carrying an electric charge in an elect: 
from the anode to the cathode; this was called an ion ((Jr. a 
This conception has been more recently used to explain those 
ments of particles of matter which produce light, and therefore sp 
lines. The sub-particle, this ion, with its electric charge ? 
mass m, is supposed to move in an elliptic orbit under the attm 
of a centre. At first the theory supposed the ions to be electrifie< 
tides, but a recent extension considers them to be complex dyn: 
systems, the motions of which are registered by spectral phenorn 

It will be gathered from what I have already said relating 
various questions connected with the study of "series" of s 
lines how the idea of "complex dynamical systems" is also 
to explain the phenomena presented by them. 

Thus I have shown it to be probable that the hydrogen atom v 
the chemist weighs may be built up of hundreds of the things 
them what you will, a few of which in the hottest stars product 
vibrations which we take as demonstrating the existence of hyd 
in the celestial spaces. 

Both these lines of modern evidence tend to justify the view 
the different spectra are not produced by different material, 1 
different conditionings of the same material. 

These different conditionings may refer either to the electric ch 
or to the mass of the ion, or of the molecule round which the iorj 
filiates. The units of matter present in the ion or in the 
molecule may vary in number, or their arrangement may vary, 
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the forms A and near A. AVe 
To take another case : let 



Under these conditions, when v 
of possible intermediate formi 
evidence. >Sav, to take an ext 
Mendeleef's tabic ; and I am 



1 ,s.> 



Imagine a series of substances ' ; chemically " different, the intrinsic 
difference of which, from A the simplest to Z the most complex, really 
consists merely of their being: built up of different munlu-i-.f <>j units 

its complex system of centre of force 
and ion with their electric charges will undergo changes which we may 
expect to result in the formation of less complex systems doubtless 
built on a like pattern, and therefore capable of producing spectra: 
hence we are bound to see the spectra of some of the intermediate 

ible and go about in company, it may 
well be that physicists have already recognised. These we may call 
B or C, or K or 8, or X or V, as representatives of various com- 
plexities. 

The more complex the form experimented on and the higher the 
temperature employed in tht laboratory, the more spectral lines 
indicating different chemical "elements" in intermediate stages may 
we see. 

I say in the laboratory, because in the stars the result will be dif- 
ferent. There, in consequence of the long continued action of heat 
and the shielding of the reversing layer from the effects of lower tem- 
perature, we may only see at the highest temperature the spectra of 

now know what these are. 
us assume that the electric charges or 



arrangement, as well as the nun her of the units of matter, may vary. 



,'c dissociate Z, not all, but only some, 
may be expected to afford spectral 
mple, those in the vertical columns of 
led to make this suggestion, because 
ICayser has shown that in "series" the duplicity or triplieity of lines 
is associated with the position _>f the elements producing them in these 
columns, A concrete case would be afforded by contrasting the be- 
haviour of sodium and caesium, representing relatively simple and 
complex substances. We might observe the lines of sodium when 
caesium is dissociated ; we should not expect to sec the lines of c;esium 
when sodium is dissociated. 

The two cases taken it is possible may illustrate the difference 
between related and not related groups of " elements." 

The apparently constant appearance of representative lines of the 

group in that of the other members of 
the same group may be thus explained, although it has generally been 
attributed to the presence of impurities, as in the case of all common 

this in spite of the protest that if the 
3 worked on beads of Stas' silver which 



long lines seen in spectra; and 
purest specimens known (I hav 
had never been touched) were .so impure, some of the decimals used to 
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apparei 



hctte. 



is. 



fm 



■o l] 



car 



express their 
question of 

It is possil 
exist in the 
heavy metals i 
cooler stars on 

The giving 
is employed 
them to be " 
during their 
explanation, for 
see why somet 
the modern e 
these facts cxp 

It is too 
charge in this 
the ions, howe 
always to hav 
action of a v 
served when 
cases, and 
Doubtless we 
supply us with 
that with the 
rise to no s 
sodium, heat 
quetit applicat 

We have, i 
substances nn 
stars carry ns 
of spectral ch 
ing a shedding 
temperatures, 
material may t 
remembered i: 
molecule or t 
simplification c 



espe 



pe: 



Qnitc rece|n 
lines has 

It has nov 



i\oi:gamc evolution*. 



[CHAl'. 

But it is not a 



tomic weight might be well spared. 

it imparities only, 
le that some of the gases of lower atomic weight which 
:st stars may be represented by A in opposition to 
■^presented by Z, the existence of which is known in the 
y. 

oil' of gases from metals when high tension electricity 
well known. This has been explained by assuming 
nace gases," that is gases "occluded" by the metals 
reduction. But this does not seem to be a sufficient 
the same gases are given off by meteorites, We now 
ling like this may happen if there is any foundation for 
ception of the structure of the "atom"; and do not 
ain the chemistry of the hottest stars 1 
ly yet to attempt to discuss the effects of the electric 
connection, but it must be pointed out that so soon as 
,*er associated their units may be, which are supposed 
e an electric charge upon them, are subjected to the 
oltaic or induced current, the spectral phenomena ob- 
they are heated arc liable to great changes in some 
eially when high atomic weights are in question, 
have here a field of research which will ultimately 
the most precious knowledge. T have already shown 
gases, such as hydrogen and oxygen, heat alone gives 
tral phenomena, while in the ease of such metals as 
:s so effective in its dissociating power that the subse- 
on of electricity produces no further change, 
ri fact, to consider that the effects produced on different 
er the same conditions may be different, and that, the 
'urther than our laboratories ; that is, there are stages 
ge within and beyond our experimental powers reveal- 
of ions or some rearrangement of material at different 
Of course it is possible that the rearrangement of 
ake place in the central molecule itself; the point to be 
, that whatever may happen, whether in the central 
,io ion, a higher temperature will be associated with a 
f the total mechanism. 



an 



tly the study of magnetic perturbations of spectral 
brought a fresh array of evidence on this question, 

- been proved that spectral phenomena are different 
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of 
iple ;s 
ref 



diffe 



spc.'trum 



when the light source under examination 
a strong magnetic field which, among 
sional movement of the orbits of the 
referred. 

In order to consider the hearing 
spectrum of zinc which contains trip 
denoting these in ascending order of n 
Cj, Co, ttc, the lines A], Aj, &c, shov 
character, and have the same valuo of <•] 
and Ci, Co, C 3 , ivc, form other scries, and 
the quantity e m in each case. 

Dr. Preston, one of the most s 
states :— 

" The value of e in for the A series 
the B series, or the C series, and this le 
of zinc is built up of ions which differ fi 
the quantity e hi, that each of these 
ducing a certain series of lines in the ; 

Hut this is by no means all that is to 
researches. lie writes — ■ 

""When we examine the spectrum of 
that is, when we examine the spectra 
chemical group — we find that not only 
not only do the lines group themselves 
in addition that the corresponding lines 
similarly affected by the magnetic lield, 
character of the magnetic effect the sn 
of the different metals of the same ch 
magnitude of the resolution, as measni 
same for the corresponding series of 
TIih is illustrated in the following table 
least to suspect, that the ion which pi 
in the spectrum of zinc is the same ;is 
s ponding series Aj, A.;, As, ttc, in cai 
corresponding sets in the other metals 
other words, we are led to suspect tha; 
plex composed of an association of diffe 
those substances which He in the same 
built up from the same kind of ions 
possess the same e m, and that the 
materials thus constituted arise more fr 
of the ions in the atom than from 
racter of the ions winch build up the atuWi 



is subjected to the action of 
other things, causes a precis- 
ions to which I have already 



this, let ns deal with the 
It has been shown that 
Tangibility by A 1; B lf C h A- Jt 
the same magnetic effect in 
!. The lines B b Bj, B 3 , &c., 
possess a common value for 



nceess'ul workers in this new field. 



differs from that possessed by 
f\,ds us to infer that the atom 
om each other in the value of 
rent ions is effective in pro- 
of the metal." 
be learned from Dr. Preston's 



di I 



om 



diffeienc 



cadmium or of magnesium — ■ 
of other metals of the same 
are the spectra homologous, 
in similar groups, but we find 
of the different spectra are 
And further, not only is the 
for the corresponding lines 
emical group, but the actual 
by the quantity c hi, is the 
lines in the different spectra, 
and leads us to believe, or at 
the lines A], A_>, A-, Arc, 
hat which produces the curre- 
niium, and the same for the 
of this chemical group. In 
not only is the atom a c< un- 
ion?, but that the ;*toms of 
chemical group are perhaps 
or at least from ions which 
erenees which exist in the 
the maimer of association 
es in the fundamental cha- 



uue 



ed 



o duces 



rent 
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Ma fnc tic effect. 



Cadmium 
Zinc . . 
.Magnesium 
1 'recessional spin 



A = 
A = 
A = 



Nonets 
or connrJex 
triplets. 



5C8G 
4811 
5184 
e m = 55 



Sextet;. 



-1800 
4722 
5173 
ejm = 87 



Triplets. 



-16 
4G80J 
516 



100 



l This table shows tlie effect for the three lines which form the first 
triplet in the spectrum of cadmium compared wilb. the corresponding lines 
ppeetrutu of zinc and magnesium. It will be seen that the corresponding 1 
the different spectra suffer the fame magnetic effect both in character and 
tude. Thus the corresponding lines 1300, -1722, 5173 (ire each resolve 
sextets, and the rate at which tlie ionic orbit is caused to precess is the sa 
each {denoted by e',m — S7 in the I able). Similarly for the other corres 
lines.] 



nit 



ural 
in the- 
lies in 
gni- 
into 
e for 
ins; 



ma 



p; nd 



tiat 



dis- 
r stem 
if 

cjentre 
these 
j the 
ec to 
constituents, 
But 



This is a result of the first order of importance. I previonsl 
cussed what might he expected to happsn if the complex sy 
giving the spectrum of an element were broken vp, and showed 
less complex systems of the same pattern — that is, consisting of 
of force and ion with its electric charge — were thus produced, 
systems would be just as capable of giving spectra as the on 
breaking up of which produced them. We should get new ions fi 
move and vibrate, and new spe;tra which may reveal the 
that is, the manner in which the complex system breaks up 
Dr. Preston goes further that this. He shows that the sam^ 
associated with different centres of force gives us lines at 
wave-lengths. That a certain ion which in the spectrum of 
nesium gives rise to b is also present in zinc and cadmium, 
there is no trace of h in their spectra. 

Xow, if tlie views held by those who have worked along 
these lines be confirmed, we shall be compelled not only to gi 
polymerisation as the only cause of greater complexity of the 
eules of the elements, but to acknowledge a great strengthening 
view that all chemical atoms have a common basis, and build 
mental images on this basis. I now pass from the spectros 
evidence to work in a new field. 



ion 



different 



mag- 
h 



th on 



of 
e up 
aiole- 
the 
new 
copie 



any 



cf 



Ppifowr J. J. Thomson? $ Researches. 



con si 



I have before referred to the fact that science now has to 
masses much smaller than the atom of hydrogen. This we ow 
only to a discussion of the phenomena of series, but also to 



der 
2 not 
some 
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luce 



trie 



Profe 



the 



recent researches of Professor J. 
bis work on the cathode rays. 

Since the cathode rays prot 
•traced, hence it is known that th 
This deflection depends upon the 
charge it carries, that is, upon th 
.J. Thomson finds to be about T J, 
"hydrogen ion in ordinary electro 

At the same time it has been 
and .Mr. Townsend that the elce 
rays and a hydrogen ion. The 
pendent of the nature of the gas 
ion is 700 times greater than in t 
smallest mass whose existence 
can only be about -^th of_tbe. 

Professor J. .1. Thomson wri 

" The explanation which seenk 
and straightforward manner for 
constitution of the chemical 
tained by many chemists ; this v 
chemical elements arc diilerent 
Tdnd. 

* * * 

" Tims on this view we have 
state, a state in which the subdiv 
further than in ths ordinary g 
- that is, matter derived from 
•oxygen, Ac. — is of one and the 
.stance from which all the chemie^. 

* * * 

" The smallness of the value 
■e as well as the smallness of m. 
deuce that the charges carried b 
■compared with those carried by 

Thus the whole question 
because while on the chemical v 
•different kinds of matter from 
fessor J. -1. Thomson m is a c 
of. Rydberg's general formula fo:' 
constant for every clement, ;: 
variations which may be due to e 



luminous effects their path can be 
ey are deflected in a magnetic field, 
mass of each particle and the electric 
sir ratio, m e. This ratio Professor J . 
: th of the corresponding value for the 
ysis. 

found by Professor J. .T. Thompson 
charge e is the same for cathode 
ale in fact may be regarded as inde- 
riince then the m e of the hydrogen 
iccase of cathode particles, the in, the 
ssor J. J. Thonisou^has glimpsed, 



hydrogen ion. 



t3S : 



ons:;ai 



ISO 



■T. Thomson, made in connection with 



■iseous 



s to me to account in the most simple 
e facts is founded on a view of the 
elements which has been favourably enter- 
iew is that the atoms of the different 
aggregations of atoms of the same 

* * * 

in the cathode rays matter in a new 
ision of matter is carried very much 
state : a state in which all matter 
different sources, such as hydrogen, 
same kind, this matter being the sub- 

1 elements are built up. 

* * * 

m'e is, I think, due to the largeness of 
There seems to me to be some evi- 
r the corpuscles in the atom are large 
e ions of an electrolyte." 
of dissociation has been advanced 
v we have to deal with intrinsically 
element to element, on the view of Pro- 
ant for every element, reminding one 
series in which X,, is practically a 
iltbough Pydberg acknowledges slight 
rors of observation. 



the 



i Phil. Jfaff., vol. slir, p. 311, October, 1S97. 
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Profe 
differe 
" molcei 

"In 
the hydr 
electr 
held toge 
the c 

Dr. 
which I 
sions as i 
view of 

" It 
that 

tions emi 
really fir 
bnildintc 



=sor J. J, Thomson is thus led to the following view of the 
of construction of a simple atom " and a compound 



OStfXlC 



hi or me 



differeD 



Taking 

(1) I 
c tiles ; 01 

(2) 
In 

. (3) 



this 



particles 

In 
highest 
in spect 
phenoraeln: 
chemist, 
material 
referred 
Dr. Fresjt 
view expr 

Certainly 
facts wh ch 
evolution 
because 
that the 



INORGANIC EVOLUTION. 



[CHAP. 



e molecule of HC1, for example, I picture the components of 
■igen atoms us held together by a great number of tubes of 
force ; the components of the chlorine atom arc similarly 
ther, while only one stray tube binds the hydrogen atom to 
atom." 

'reston's results on the magnetic perturbation of lines, to 
avc already referred, leads him to the same general concln- 
hose arrived at by Professor J. J. Thomson in favour of the 
dissociation. He says : - 
ay be, indeed, that all ions are fundamentally the same, and 
ces in the value of e'm, or in the character of the vibra- 
tted by them, or in the spectral lines produced by them, may 
from the manner in which they are associated together in 
up the atom." 

The Three Ways of Inortjanic Evolution. 

At the present time, then, we have before us three suggested ways 
of inorganic evolution. 

the chemical view, this may depend on 
P olymerisation, or the combination of similar chemical mole- 



ITie 



the 
The 



combination of dissimilar chemical molecules, 
new physical view all this is changed into 
gradual building up of physical complexes from similar 
associated with the presence of electricity. 

last conception we have the material world, up to the 
omplex, built up of the same matter under the same laws ; as 
rum analysis there is no special abrupt change between the 
i presented by the simple and compound bodies of the 
so also in the new view there is no break in the order of 
evolution from end to end. I have already, on p. 167, 
to the opinions expressed by Professor .J. J. Thomson and 
on, as to the manner in which the new work supports my 
essed many years ago. 

the new view seems competent to throw light on many 
lacked explanation on the old one, by whatever method of 
the higher complexes were assumed to be brought about, 
on the ionic theory we can imagine several first forms, so 
question of descent comes later with the introduction of more 
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crossin 



ate 



complex systems. These various first 
bility of evolution along several parallel 
bility of an infinite number of intei 
must not forget that the constituents of 
and of protoplasm are nearly identical 
matter of which they are composed make 

A consideration of the central conga 
ion revolving round it, suggests that t 
stunt in its structure, and that it is to 
mass and charge representing the centre 
are due. It may be that the subordinf 
small variations of complexity are possil 

The ions visible in the simple spect 
tho.se associated with the smallest centre 
we know at present, hydrogen, helium, 
among the gases ; carbon and silicium 
sodium anions the metals in the form; 
the highest temperatures we can employ 

As the stars cool larger aggregates < 
of force round which these ions revolv 
the complexity of the spectrum of 
renting a cool star, are both explained b 
stages of which can be reproduced in 
degrees of dissociation. 



forms bring about the possi- 



lines, as well as of the possi- 
In this connection we 
the reversing layer of Bellatrix 
while the particular forms of 
so little show in the sun. 
ries of material units and the 
is ion may be the more eon- 
a large extent to the varying 
of force that spectral changes 
" series " indicate that very 
)le, as well as greater ones, 
a of the hottest stars may be 
3 of force. These are, so far as 
^sterium, oxygen and nitrogen 
and calcium, magnesium, and 
we study by their spectra at 
in our laboratories, 
f material units in the centres 
: become possible, and hence 
and of the sun, repre- 
^ the same process, the various 
c reverse direction by various 



urnnium 



th 
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Absorption, 13, 14. 

in space, 131. 

phenomena, Jewel], 104. 

solar lines, 15. 
Acetylene, spectrum of, 20. 
Achemian stars, 70. 
Alchemy, 164. 
Al debar! an stars, 70. 
Algolian stars. 70. 
Alaitamian stars, 70. 
Aluminium, series of. Cornu, 87. 
Ames, Zeeinan effect, Hi!. 
Antarian stars, 70. 
Arcturian stars, 70. 
Arcturus, tee Bootis a. 
Argonian stars, 70. 
Asterium, series, 95. 
Atmospheres, stellar, 55. 
Atomic weight anil periodic' law, 176. 

series, 93. 
Atoms, chemical, 18. 

conception of, 185. 

dissociation of, "3. 

of oxygen, 96. 

simple, 190. 

vibration period of, 103. 
Auriga, nova in, 138. 
Aurig-se a, absorbing layer, 52. 



B. 

B aimer's law, 86. 
Bauschinger, 128. 
Berthelot, on dissociation, 2S. 
Boisbaudran, de, 86, 117. 
Bootis a, absorbing layer, 52, 150. 
Brodie, chemical element?, 1(16. 
Budge, Dr., 67. 



Calcium, behaviour of, 10o. 

dissociation, temperature of, 106. 

enhanced lines, 37. 

pressure shift, 106, 147. 

proto-, behaviour of, til. 

series in, 97. 
Calculus, chemical, 166. 



and ■ 
Cap fell 
Carbqn 

fl 



Came.lra, prismatic, 43. 
Campbell, bright line stars, 133, 
Canisl majoris a and a C'vgni, compari- 
son , 63. 

yCygni, comparison, fiS. 
a, see Anrigae a. 

distribution in space, 112. 
itings of, 75, S3, 
stars, 61, 129. 
stlars and Milky Way, 129. 
Chaniionrtois, 165. 
Chronosphere and enhanced lines, 39. 
lid Fraunliofer spectrum, -J 3. 
lipse, 1871, 43. 
lipse, 1878, 43. 
sition of, 50. 
■etrnui, 39, 41, 42. 
Classification of stars, 66, 70, 72, 129, 



po 



130. 
Cleve 
Cleveite 



Clifford 



Clusters 
Comp sund. 
Cornt 

mi 
re 1 



Coronla 
] 

lips 
vs.ria 
Crookes 
fiia 

P 
v 

Cru 
Cmcii 
Cygnl 



7 

Cygn: 



cc ill posit 



yttria, ] 17. 

gas, and series, 11, 83. 
tion of, 96. 

magnetic perturbations of 
lines, 109. 

ith of molecules, 18, 29. 

i, *tar, and Ifilky Way, 12H. 
nds, spectra of, 20. 
, aluminium series, 87. 
ignetisui and ware-length, 112. 
versed lines, 101. 

constants of, 87. 
, 1S71, 43. 
78, 13. 

i, 43. 
iation of, 43. 
., dissociation, 76. 
;ciionation, 116. 
■die law, 165. 
oriuni, 119. 
tn sf sirs, 70, 
i, 0, 60. 

a, absorbing layer, 52, SO. 
d Sirius, com pari son, 6*. 
etruul of, 49. 

nd Procyoii, comparison, lis. 
stars, *70. 



let 



rec 



Depollymerisation, 176, 
Deslandres, series, 87. 
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Deville aud Troost, iodine, 74. 
Dcwar and. Liveing, carbon (lutings, 
75, 

series, law of, SB. 
Dissociation and evolution, loft, 
and spectral series, H3. 
and temperature, 36, 79. 
Uerthelot, 23. 

calcium, temperature of, 103, 100. 

celestial, 25. 

Dumas, 27. 

early idea of, 22, 73. 

examples of, 158, 

objections, 144. 

o£ metals, 81. 

Hitter, 149. 

Sir William Croolies, 76. 

Sir William Roberts- Austen, 76. 
Distribution of carbon stars, 129. 

stellar, 126. 
Dobereiner, 165. 
Dumas, on dissociation, 27. 
Duner, stellar classification, 120. 



E. 

Ear-hart, Zceman effect, 112. 
Eclipse, 1871, 43. 

1S7S, 43. 
Eder, calcium, behaviour of, 10G. 

and Valeuta, merenri* spectrum, 
76. 

molecular combination, 74, 
Eg-firoff, oxygen, 179. 
Elements, chemical distribution in 

space, 142. 
and temperature, 165. 

in hottest stars, 159. 

initial, Ki5, 16(5. 

series of, 87, 90. 

spectra of, 18, 39. 

without series, S3. 
Embryology, 156, 
Enhanced lines, 31. 

and chromosphere, 39. 

calcium, 37. 

in a Cygui, 48. 

iti stars, 33. 

in sun, 35. 

iron, 34. 

lithium, 32. 

magnesium, 35, 

temperature ranges, 57. 
Evolution, 152. 

and dissociation, 153, 

organic and inorganic, 172, 190. 

stellar evidence, b'2. 

r. 

Faraday, magnetic perturbation of 
lines, 109. 



Fievez, magnetic perturbation of lines 
110. 

Flutings, 10, 83. 

carbon, 75, S3. 

magnesium, 83. 
FormulEe for series, 87, SS. 
Fractionation, IIS, 
Fi-ankland and Kirchhoff's theory, 41 
Fraunhofer Hues, 15, 39, 42. 43, 



G. 

Gas, cleveite, composition of , 96. 
Gases, series in, 91. 

spectra of, 30. 
Ganges, star. Herscliel, 126. 
Genera, stellar, "0. 
Geologr, stiatigraphical, 154. 
Gould, Milky Way, 125. 
Gravity, specific, of iodine, 74. 
Groups, chemical, and series, 91. 



H. 

HEeinog-lobin, formula for, 172. 
Hale, calcium, behaviour of. J05, 106. 
Hasselberg-, hydrogen spectrum, 182, 
Helium aud Fraunitofer lines, 39, 4S. 

distribution in space, 1-12. 

series, number of, 95. 
Hemsaleeh, artificial shifts, 107. 
Herschel, Sir John, star-way, 126. 
Herscliel, Sir "William, and nebula?, 143. 

milky way, 125. 
Hittorf and Pliieker, spectra of ele- 
ments, 10. 
Howes, Prof., 170. 
Huggins, spectrum of Arcturus, 150. 

spectra of nebula?, 121, 
Humphreys and Mohler, pressure auc. 

wave. length, 101,105. 
Humphreys, behaviour of strontium, 
10b*. 

Hydrocarbons, series of, 175, 183. 
Hydrogren, behaviour of, in stars, 64. 

complexity of, 95. 

distribution in space, 142, 

ion, 1S9. 

primary element, 165. 
proto-, 58, 81, 

scries of, 31, 59, 86, 87, 95, 98, 179, 
182. 

structure, spectrum of, 31. 
I, 

Iodine, specific gravity, 74. 

Ions, electric charge, 110, 114, 185, 190 

hydrogen, 189. 

tlieoi-y'of, 190. 

Zceman effect, 188. 
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Iron, behaviour in sun, 24, 

listribution in space, 142. 
1 ne of, 1474, 35. 

lectra of, 32, 31. 
4eenian effect, 112. 



Jewell, absorption phenomena. 103, 

atoms, vibration of, 103, 
dissociation hypothesis, 103, 117. 
pressure and wave-length, 101. 



Kapt 
Kays 
Kaysa 
mu 

Kirelihoff 



;yn, proper motion, 130. 

and Runge, series, ST, 97, 183. 
r, hydrogen, new series, 59, 08. 
lecules, complexity of, 100. 
s theory, 41. 
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Lane, Homer, temperature of sun, 151. 
Lam or, Zeeman edeot, 110. 
Law, periodic, 105, 170. 
Layer, absorbing, A re turns, 52. 
C apella, 52. 
sun, 52. 
-Cygni, 53, SO. 
Lea, Sheridan, protoplasm, 172. 
Lines , basic, 77. 

enhanced, 57, 177. 
long and short, 22. 
proto-metallic, 57. 
Liquids and metals, diSerences be- 
tween, 100. 
path of moleuules in, 13. 
Lithi am, enhanced lines, 32. 
Liveipag- and Dewar, earbon llntings, 
75. 

series, law of, , u fj. 
Loreijtz, Zoernau effect, 110. 



M. 

Magnesium and periodic law, 170. 
fllutings of, S3. 

. stars, 75. 
pJroto-, behaviour of, 35, (54. 
;ries in, 97. 
Magi.etism and spectral lines, 101), 112. 
field of, ions, 110. 
perturbations of lines, 109, 110. 
Maripiac, de, yttria, 117. 
Mark abi an stars, 70. 
Mascart, 12. 



MeClean, cla^ si lie at ion, stellar, 00, 07, 
141. 

oxygen in stars, 00. 
star distribution and Milky Wiiy, 
131. 

Melt lug 1 - point and series, 93, 97. 
Mimdeleef, periodic law, 01, 105. 
Mercury, spectrum of, 70. 
Metals and liquids, differences be- 
tween, 100. 

dissociation of, SI. 

proto-, 57. 

without series, 97, 
Meyer, atomic volumes, 165. 
Milky Way, 124. 

and nebula;, 127, 130, 

and nova 1 , 137. 

and star clusters, 128. 

distribution, 125, 1 20, 131, 132, 141. 

Gould, 125. 

split in, 124. 
Mitseherlich, spectra, of compounds, 
20. 

Mohler and Humphreys, pressure and 

wave-length, 101, 105. 
Molecule, yttria, 118. 
Molecules, combination of, 74. 

complexity of, 99, 190, 

composition of, 171. 

diatomic, 18. 

dissociation cf, 73. 

in gases, 19. 

masses of, 182. 

path of, 18, 19, 29. 
Mouck, 139. 

Motions, proper, and stellar spectra, 
140. 

proper, and temperature, 139. 
Murray, Dr., stellar type names, 70, 



Nebulee and Milky Way, 127, 13fi,143. 
and stars, 132. 
distribution of, 130. 
origin of, 40. 

planetary, 127, 128, 130, 143. 

spectra or, 121. 
Neovius, oxygen, 180. 
Newlands, periodie law, 105. 
Nitrogen, spectra of, 31, CI, 86. 
Nova Auriga;, 138. 

duplicity of, 13S. 
Novee and Milky Way, 137. 

distribution of, 137- 

genesis of, 1 37. 

number of, 137. 

spect.ru of, 138. 



Orion, stars in, temperature SO. 
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Orionis, f, 67. 
Oxygen, atom of, 96, 

romplexity of, 98. 

in hot stare, 60, 163. 

series in, 95, 179, ISO. 

epectra of, 31, 180. 



Paschen ami Runge, see Runge. 
Periodic law and atomic weight, 170- 
Perry, atmospheres, stellar, 150. 
Persei ft mass of, 140. 
Perturbations, magnetic, Preston, 167, 
190. 

Pettenkofer, 165. 

Phosphorescence and gaseous stars, 
151. 

Pickering-, bright line stars, 132. 

new hydrogen series, 58, 59, 93, 
OS, 178. 

stellar classification, 67, 130. 
Piseian stars, 70. 
Plant forms, 153, 171. 
Pliicker and Hit tort', spectra of ele- 
ment?, 19. 
Polarian stars, 70. 
Pole, galactic, 124. 
Polymerisation, 175, 190. 
Poulton, Prof., 153. 
Pressure and wave-length, 101. 

shift, direction of, 105. 
Preston, Dr., magnetic perturbations, 

110, 113, 167, 187, 190. 
Prism, action of, 2. 
Proeyon, see Cams minoris a, 68. 
Procyonian stars, 70. 
Pro to-hydro gen, tee Hydrogen. 
Proto- metals, see iletals. 
Prout, evolution, inorganic, 103. 
Puppis, Z, spectrum of, 58. 



Ramsay, helium, 4S. 
Reese, Zeenuin effect, 112. 
Rigelian stars, 70. 
Hitter, dissociation hypothesis, 149. 
Roberts-Austen, dissociation, 715. 
Rocks, fossiliferous, 153. 
Bung© and Kayser, series and melting 
points, 0/. 

scries and temperature, 183. 

series formula, 87. 
Rnng-e and Paselien, osygen series, 170. 

series, 1 1 , 85. 
Rutherford, on" stellar spectra, 25. 
Rydberg- and initial element, ^iO, U!(i. 

hydrogen, series of, 95, 178. 

oil doubles, triplets, &<■., 89. 

series formula, S7, 18 f 9. 



S, 



Secchi, 25. 

Selenium, series in, 95. 
Scheiner, Dr., magnesium in stjars, 
75. 

Schuster, molecular combination, 7- 
nebula?, 121. 
on dissociation, 14-t. 
series, law of, 86. 
ahifis, artificial, 107. 
Series, aliiiiiiniuir, 87. 

and atomic weights, 93. 

cliemical groups, 91. 

dissociation, 83. 

melting points, 93, 97. 

temperature, 183. 
calcium, 97. 

constants of, 87, SS, 189. 

definition of, II. 

doubles in, 89. 

early notions of, 12. 

formuhc for, 11, 87. 

hydrocarbons, 183. 

hydrogen, 178, 179. 
Rainier, 86. 
new, 59, 98. 
Stoney, SO. 

irregularities io, 91. 

laws of, 86. 

magnesium, 97. 

metals, 97. 

nebulous, 89. 

nomenclature of. S9. 

oxygen, 95, 163. 

principal, 89. 

Rnnge and Paschen, 85. 

sharp, 89. 

single lines, 89. 

sodium, 179. 

thallium, 87. 

triplets, S9. 
Shifts, artificial, 107. 

pressure, 102, 105. 
Silicium, in stars*, (il. 
Sirian stars, 70. 
Sirius, see Canis Majoris a, 68. 
Sodium, longs and shorts, 2-k 

series of, 178, 179-. 
Space, absorption in, 131. 

chemical elements in, 142. 

chemistry of, 120. 

distribution of helium in, 112. 
Spectroscope, grating, 9. 

laboratory, 8. 

simple, 2. 

stellar, 16. 
Spectrum, bright line, 5. 

continuous, 1. 

dark line, 12. 

definition of, 2. 

discontinuous, 3, 12. 

length of, and temperature, 3. 
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Spot Uswoo de, induction coil, '.it. 
Star-way, Gould's, 12U. 

Herschel's, 120. 

inclination of, 127. 
Stars and nebulae, relation between 
132. 

atmospheres of, 150. 
behaviour of hydrogen in, 04. 
bright line, 132. 

distribution, 13i. 
brighter, MeClean, 00. 
carbon, HI. 

and Milky Way, 120, 141. 

and relative temperature, 50. 

chief lines in, 56. 

Duner'is observations, 129, 

length of spectrum, 55. 
classification, chemical, GG. 

general, 72, 329. 
composition and distance, 142. 
containing new hydrogen, 00. 
cooler, chemistry of, G5. 
distribution of, and Milky Way, 

131, I'll, 
gaseous, and phosphorescence, 151. 

and proper motion, 1 30. 

and relative temperature, 56. 

chief line?, in, 50. 

length of spectrum, 55. 
genera of, definitions, 70. 
grouping of, chemical, 141. 
hottest. "67, 159. 
magnesium in, 75. 
masses of, 150, 

metallic, and length of spectrum, 
55. 

and Milky Way, 131, 141. 
proper motion, 139. 
relative temperature, 50. 
chief lines in, 5G. 
tin lings in, 111. 
new, We No vie. 
nitrogen in, 61. 
Orion, temperature, 80. 
oxygen in, GO. 

proto-metallic, and proper motion, 
139. 

and Milky Way, 131, 141. 
silicium in, 01. 

similar type, localisation of, 120. 
spectra of, and proper motion, 
14,0. 

temperature of, 07, GK, 174. 

white, and Milky Way, 131. 
Stoney, hydrogen series, 86. 
Strata, stellar and geological, 159. 
Strontium, behaviour of, TTLtmpln-eys, 
106. 

Struve, star distribution, 120. 
Sulphur, scries in, &5. 
Sun, absorbing layer, 52. 

convection currents, 146. 

enhanced lines in spectrum, 35, 
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Sun (continued) — 
| spectrum of, and chromosphere, 
j 39. 

aud -Arc-turns, 50. 
temperature of, SO, 147, 151, 174. 



Tait, magnetic perturbation of lines, 
109. 

Taurian stars, 70. 

Temperature, and chemical elements, 
165. 

and dissociation, 79. 

length of spectrum, .3. 
mass, 119. 
proper motion, 139. 
series, 183. 
eurve, 46, 68, 173. 
high, effect of, 157. 
Intermediate stellar. 07. 
of stars, 60, 68,70. 
of sun, 80, 174. 
stages of, 32. 
Thallium, series, 87. 
Thomson, Prof. J. J., chemical ele- 
ments, 167, IMS. 
mass of molecules, 1S2. 
Triplets, in series, S9. 
Troost and Deville, specific gravity of 
iodine, 74. 



U". 



I Units, chemical, complexity of, 9*i. 



Valcnta and Edcr, mercurv spectrum, 
76. 

molecular combination, 74. 
Vietorlum, discovery of, 119. 
Vagel, if., Algol, mass of, 149. 
Vog-elj W.,1 wave-length, change of, 
1C2. 

Volumes, atomic, 165. 



W, 

"Water, sea, composition of, 169. 
Waters, S., nebula' aud star clusters. 
128. 

Wave-length, and magnetism, L'ornu. 
112. 

and pressure, 101. 

quantity, ]M3. 
hydrogen series, Z&<. 
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"Wilson, temperature of sun, 17-1. 

Wolf, Dr., spectTa of nebula?, 121. 



Ygung, pel ipse 1S70, 41. 
Yttria, fractionation of, lift. 

molecule of, lltS. 

"old," 117- 

spectrum of, UN. 



Zeeman, effec-t, Ames, 112. 
Earbart, 112. 
Lanaor, 110. 
Lnrentz, 110. 
on iron, 112. 
Preston, 113, 114. 
Keese, 1 12. 
magnetic perturbations 
110, 1S8. 
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